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Executive Summary 

GEI Consultants of Michigan, P.C. (GEI) is pleased to provide this 2020/2021 Draft 

Area 4 Mussel Salvage Report for Area 4 of Operable Unit 5 (OU5) of the Allied 

Paper/Portage Creek/Kalamazoo River Superfund Site (Site).  

The scope of the Area 4 mussel salvage effort was discussed during a March 10, 

2020, meeting with biologists from GEI and the Michigan Department of Natural 

Resources (MDNR). In May 2020, a reconnaissance effort was conducted that 

focused on characterizing bottom substrates and flow within the proposed 

remediation areas of Subareas E, F, and G, and similarly assessing potential 

upstream relocation areas (recommended by MDNR). Results of the reconnaissance 

effort were used to generate maps displaying polygons of suitable mussel habitat 

within Subareas E, F, and G, which were incorporated in a revised Mussel Work 

Plan submitted to stakeholders and subsequently approved in June 2020.  

The Area 4, Subarea E, F, and G mussel salvage efforts were conducted in the 

summers of 2020 and 2021. Approximately 65%of the total suitable mussel habitat 

areas that were safely accessible were cleared in 2020, including all suitable areas 

of Subareas F and G. All remaining suitable habitat in Subarea E was cleared of 

mussels in 2021, with highly mobile sand being found throughout much of the 

remaining areas.  

A total of 196 mussels were relocated, with nine species represented. White 

Heelsplitter (Lasmigona complanata) and Mucket (Actinonaias ligamentina) were the 

most abundant species found in Area 4, Subareas E, F, and G. No mussels on the 

state or federal threatened or endangered species lists were found; however, 

species of state special concern, Elktoe (Alasmidonata marginata), Fluted-Shell 

(Lasmigona costata), and Paper Pondshell (Utterbackia imbecillis) were found. All 

mussel species found in Area 4, Subareas E, F, and G had also been documented 

in the Kalamazoo River during previous mussel survey efforts performed by other 

biologists conducting surveys between 2001 and 2017.  

Unless otherwise noted, all techniques were in accordance with the Mussel Work 

Plan (GEI, 2020). 
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1. Introduction 

GEI Consultants of Michigan, P.C. (GEI) is pleased to provide this 2020/2021 

Mussel Salvage Report for Area 4 (Subareas E, F, and G) of Operable Unit 5 (OU5) 

of the Allied Paper/Portage Creek/Kalamazoo River Superfund Site (Site; Figure 1). 

Work was performed by GEI on behalf of the Kalamazoo River Areas 2, 3, and 4 

Remediation LLC (LLC), which NCR Corporation (NCR) formed to meet certain 

requirements of the Consent Decree (CD) between NCR Corporation, the United 

States Environmental Protection Agency (EPA), and the state of Michigan.  

The CD was lodged in December 2019 and entered (approved) by the United States 

District Court for the Western District of Michigan on December 2, 2020. The CD 

requires NCR to conduct response activities in Areas 2, 3, and 4 of Operable Unit 5 

of the Allied Paper/Portage Creek/Kalamazoo River Superfund Site.  Work activities 

mandated by the CD include performance of a time-critical removal action (TCRA) in 

Area 4, remedial design, and remedial action in Area 2, and, unless an opt-out is 

exercised, remedial design and remedial action in Area 3.  

1.1 Purpose and Background 

The purpose of the Area 4 TCRA mussel salvage effort was to locate as many live 

mussels as possible within Subareas E, F, and G and relocate the mussels to an 

approved upstream relocation area in advance of planned dredging operations in 

Subareas E, F, and G.  

Michigan is one of several states with written protocol designed to guide mussel 

survey and relocation efforts within lotic (flowing) waters.  Michigan’s protocol, 

entitled “Michigan Freshwater Mussel Survey Protocols and Relocation Procedures” 

(Hanshue et al, 2021), hereafter referred to as “Michigan’s mussel protocol”, was 

designed for “projects whose potential impacts are limited spatially to a few hundred 

meters of river or less (e.g., streambed disturbance, or temporarily increased 

sedimentation), not for projects or events impacting multiple kilometers of river (e.g., 

chemical or oil spills, mussel kills, or large dredging projects).”   

Michigan’s mussel protocol and its applicability to Area 4 mussel salvage efforts 

were discussed during a March 10, 2020, meeting with biologists from GEI and the 

Michigan Department of Natural Resources (MDNR).  General agreement was 

reached that Area 4 TCRA mussel efforts should be considered a mussel “salvage” 

project given the large-scale dredging in advance of the removal of the Trowbridge 

Dam.  As such, MDNR concurred that Michigan’s mussel protocol does not apply to 

Area 4 TCRA mussel salvage efforts.  In addition, agreement was reached during 
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the meeting that mussel salvage efforts covered under a Mussel Work Plan should 

focus on Area 4, Subareas E, F, and G, (Fig. 1) with any additional Area 4 mussel 

efforts (e.g., Subareas C and D, if necessary) captured under subsequent revised 

versions of the Mussel Work Plan. The Area 4 TCRA Mussel Work Plan, Rev 1.0, 

dated June 1, 2020 (Mussel Work Plan; GEI, 2020), was reviewed by the EPA, 

MDNR, and other project stakeholders (Appendix A).   

In May 2020, a reconnaissance effort was conducted that focused on characterizing 

bottom substrates and flow within the proposed remediation areas of Subareas E, F, 

and G, and similarly assessing potential upstream relocation areas (recommended 

by MDNR). Results of the reconnaissance effort were used to generate maps 

displaying polygons of suitable mussel habitat, which were incorporated in a revised 

Mussel Work Plan (GEI, 2020). 

1.2 Site Description 

Area 4 of OU5 includes approximately 4.7 miles of the Kalamazoo River, its 

floodplain, and the currently and formerly impounded areas (commonly referred to 

as the Trowbridge impoundment) between the upstream former Otsego Township 

Dam (river mile [RM] 49.6) and the downstream Trowbridge Dam (RM 44.9). Area 4 

is divided into eight subareas, with Subareas E, F, and G being located in the lower 

downstream portions of Area 4 (Fig. 1).  

The Trowbridge Dam, located at the downstream end of Area 4, will be removed as 

part of the Area 4 TCRA scope of work. Parts of the dam were removed previously, 

lowering the impoundment from what it was before the 1970s. The current 

impoundment has an area of approximately 59 acres (AECOM, 2019Lentic-like 

conditions can be found in Subareas F and G, particularly during summer months, 

when there is minimal to no observable flow. 

1.3 Previous Mussel Community Data 

The freshwater mussel community of the Kalamazoo River has been characterized 

at multiple locations by various authors, with the following resources providing 

information most relevant to the mussel salvage work within Area 4:    

• Mulcrone and Mehne reported the results of mussel surveys conducted in 

2000 across 14 locations from Battle Creek to Saugatuck, Michigan. Two of 

the locations were in the vicinity of the Trowbridge impoundment. Sixteen live 

mussel species were documented during this effort (Mulcrone and Mehne, 

2001).   
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• The Michigan Natural Features Inventory (MNFI) conducted a mussel shell 

survey in 2010 from Marshall to Battle Creek, Michigan. Shells from 16 

mussel species were found during this effort (MNFI, 2010). 

• Environmental Solutions and Innovations, Inc. (ESI) conducted multiple 
mussel salvage efforts from 2016 to 2018 in Area 3 of the Kalamazoo River, 
relocating a total of nine mussel species (ESI, 2017 and 2018).  

The results of the aforementioned surveys are compared with the mussel community 

documented during 2020/2021 Area 4 salvage efforts in Section 5.5 of this report. 

1.4 Permitting 

The Area 4 mussel salvage efforts required Scientific Collector’s and Threatened 

and Endangered Species permits from MDNR. An MDNR Land Use Permit was also 

required and obtained ahead of all mussel-related field activities. GEI secured these 

permits (Appendix B) prior to the initiation of any mussel salvage. Although GEI 

possesses a federal mussel permit (Permit Number TE33374D-0) from the United 

States Fish and Wildlife Service (USFWS), GEI did not need to request site-specific 

authorization from USFWS to relocate federally listed threatened or endangered 

species from Area 4 because federally listed mussels were not expected to be 

encountered (USFWS, 2020).  
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2. Pre-Salvage Reconnaissance Efforts 

A multi-day reconnaissance effort was conducted in May 2020 to map areas 

containing suitable mussel habitat based on characterization of bottom substrates 

and flow within potential remediation areas of Subareas E, F, and G. Similar 

reconnaissance efforts were conducted in the potential upstream relocation areas 

that were recommended by MDNR. A brief summary of the reconnaissance effort 

methodology is below. A more detailed summary is provided in the Mussel Work 

Plan (Appendix A).  

2.1 Substrate and Mussel Suitability Evaluation 

During the reconnaissance effort, a total of 368 points along 95 transects across 

Subareas E, F, and G were evaluated with respect to:  

• Water depth.  

• Surface substrate types (sand, silt, gravel, cobble, boulder, detritus, hardpan, 

etc.).  

• Presence/absence of macrophytes and woody debris. 

• Substrate stability (stable/unstable, highly mobile, compaction, etc.). 

Based on the information gathered, a determination as to the presence/absence of 

suitable (and unsuitable) mussel habitat at each transect point was made. The 

following substrate types and features were characterized as “unsuitable” habitat for 

mussels:  

• Bedrock/hardpan. 

• Homogeneous, unstable, and highly mobile substrate such as sand and silt. 

• Homogeneous, unstable, and relatively unconsolidated substrates such as 

soft mucks, clays, silts, and detrital matter in backwater areas.  

• Areas with dense coverage of large woody debris and/or detritus. 

2.2 Safety Evaluation 

Site access and potential safety issues, such as areas that could create unsafe 

conditions for scuba divers (e.g., elevated flow/current, underwater obstructions, 

limited visibility), were evaluated during the reconnaissance effort. In addition, GEI 
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conducted a screening-level human health risk assessment (HHRA) to assess 

potential risks to personnel coming in contact with Kalamazoo River sediment for 

extended periods of time during the mussel salvage. The screening-level HHRA 

recommended that mussel salvage efforts not be conducted in areas in which 

polychlorinated biphenyl (PCB) concentrations in sediment exceeded 25 milligrams 

per kilogram (mg/kg).  

2.3 Mapping of Mussel Salvage Areas 

Reconnaissance transect points that were categorized as having suitable mussel 

habitat were combined into polygons in ArcGIS. Those polygons were used to guide 

mussel salvage efforts in 2020 and 2021. Areas not safe for divers and where 

sediment PCB concentrations exceeded 25 mg/kg were also added to the mussel 

salvage polygons as areas to avoid (Fig. 2). 

Mussel salvage “blocks” were established in each subarea in ArcGIS. Each block 

contained 100 mussel salvage “cells,” each cell being 100 square meters (m2). The 

mussel salvage blocks were overlain on the aforementioned suitable mussel habitat 

polygons, generating the ArcGIS layer that would be used during mussel salvage 

efforts (Fig. 3).  

2.4 Relocation Area Evaluation and Selection 

Three potential mussel relocation areas upstream of Area 4 Subareas E, F, and G 

were evaluated during the reconnaissance effort (Appendix A). The most 

downstream relocation area, near the upstream boundary of Area 4 at RM 48.75, 

was found to have multiple stretches of suitable mussel habitat with sand/gravel and 

gravel/cobble substrate (Fig. 4). Water depth in these stretches was generally 4 feet 

or less and the current was acceptable for scuba diving. Of the three potential 

relocation areas recommended for evaluation by MDNR, this relocation area was 

also the closest to Subareas E, F, and G, which would allow for more efficient 

relocation of salvaged mussels at the end of each day. Global positioning system 

(GPS) coordinates at the approximate mid-point of the upstream relocation area are 

N 42.472923°, W 85.756391°.  
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3. Mussel Salvage and Relocation Methods 

A safety meeting was held each morning with boat operators and members of the 

GEI dive/salvage team before starting mussel salvage.  During the safety meeting, 

the block and cells in which mussel salvage would be conducted and the methods to 

be used were identified. The mussel salvage locations, techniques, and safety 

measures for divers to be used each day were reviewed in detail with boat captains 

and GEI dive/salvage team members.  Mussel salvage locations and protocols were 

also shared with personnel conducting simultaneous sediment sampling on the river 

to maintain adequate separation and promote safe mussel salvage.     

3.1 Substrate/Habitat Characterization 

Substrate was characterized by divers throughout Area 4. Divers used hand-

grubbing and conducted visual assessments of the substrate to determine substrate 

type(s) and overall habitat suitability for mussels. These evaluations generally 

occurred prior to timed searches for mussels. If unsuitable conditions such as little to 

no flow, highly mobile sand, thick silt deposits, muck, and/or dense patches of 

aquatic vegetation were dominant, then minimal search time for mussels was 

expended and the cell was categorized as containing unsuitable mussel habitat. 

Examples of unsuitable mussel substrate and/or conditions were outlined in Section 

3.1 of the Mussel Work Plan (GEI, 2020). Additional representative photos of 

unsuitable substrate are in Appendix C (e.g., photos 92, 94, 97, 99, 100). Water 

quality parameters, such as water temperature, dissolved oxygen, specific 

conductance, and pH, were also measured throughout the mussel salvage effort 

using a calibrated YSI Pro water-quality meter.  

3.2 Mussel Salvage  

Two boats were used for Area 4 mussel salvage operations. Both boats launched 

from the Trowbridge Dam boat launch and used a Trimble R1 global positioning 

system (GPS) capable of sub-meter accuracy to navigate to the appropriate mussel 

salvage block and cells.  

A team of six to eight field staff typically conducted Area 4 mussel salvage. The 

team included biologists experienced with mussel survey and mussel identification 

and at least three certified scuba divers (usually four or five). Personnel not 

conducting mussel salvage operated GPS units, recorded data, acted as safety 

spotters, and kept track of dive time and diver position within mussel salvage cells.   
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Boats anchored in place via spud, typically near the upstream end of the mussel 

survey cell. Personnel would then mark the corners of a given salvage cell using 

colored buoys attached to high-visibility cinder blocks. While the cell corners were 

being marked, evaluations of water depth, flow conditions, visibility, and substrate 

type(s) were conducted. Those observations were used to determine the techniques 

and equipment that would be most effective and safe for mussel salvage in a 

particular cell. Representative photos of mussel salvage operations can be found in 

Appendix C. The following techniques were used during Area 4 mussel salvage 

efforts: 

• Water depth 3 feet or less: 

o Tactile searches (hand-grubbing) using snorkel gear when necessary.  

• Water depth greater than 3 feet: 

o Tactile and visual searches (when visibility was sufficient) using scuba 

gear; scuba divers were tethered to boats via a swift water dive 

harness and climbing rope/ascending system when current was 

greater than 1.5 feet per second. 

Once the cell corners were marked, chain transects were stretched throughout the 

cell and mussel salvage commenced, starting from the downstream boundary of the 

cell and working upstream. Some cells did not require transects if the mussel 

salvage polygon was small. In most cases, two biologists worked together in a given 

cell, each searching one-half of a cell. Mussel search times were generally 1 

minute/m2, with search times being less in areas that were clearly lacking mussels 

and/or had unsuitable habitat. Multiple passes were made in areas where mussels 

were found. A cell was considered “cleared” once it had been searched in its entirety 

or if the substrate/habitat was deemed not suitable for mussels based on inspection 

by divers as described in Section 4.2. 

Live mussels were extracted from the streambed and temporarily stored in flow-

through mesh bags or buckets filled with Kalamazoo River water that received 

regular water exchanges. Mussels were kept out of direct sunlight unless they were 

being handled for identification, measurement, and/or photographing. 

Mussels were identified by biologists with experience and training in the identification 

of mussels from Great Lakes states. Taxonomic keys such as Pocket Field Guide to 

the Freshwater Mussels of Michigan (Mulcrone and Rathbun, 2018), Photo Field 

Guide to the Freshwater Mussels of Ontario (Metcalfe-Smith et al, 2005), and The 

Freshwater Mussels of Ohio (Watters et al, 2009) were consulted when there was 

discussion among biologists about the classification of a specimen.  
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Mussels were measured to the nearest millimeter using calipers and representative 

photographs (i.e., left valve, right valve, dorsal view) of each species were taken 

(Appendix C). Information including species, shell length, and site conditions (such 

as water depth, visibility, and substrate type) was recorded in electronic field data 

sheets. If found, state and/or federally listed mussels would have been marked or 

tagged for post-relocation monitoring. 

3.3 Mussel Relocation 

Mussels were positioned in the relocation area (Fig. 4) in the proper orientation 

(siphons up) at the end of each day. To the extent possible, species were placed in 

the same type of substrate in which they were found (i.e., species found in 

sand/gravel were relocated to sand/gravel). Care was taken to avoid overcrowding 

of relocated mussels and to avoid wading through areas where mussels had 

previously been relocated.   
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4. Results and Discussion 

4.1 Reconnaissance Results 

A total of 62,417 m2 of Subareas E, F, and G was considered to have suitable 

mussel habitat based on the criteria described in the Mussel Work Plan. From that, a 

total of 6,603 m2 was excluded from mussel salvage efforts due to unsafe diving 

conditions or elevated PCB concentrations (Section 3.2), leaving a total mussel 

salvage footprint of 55,814 m2 across Subareas E, F, and G. The size of the mussel 

salvage footprint in each subarea is described below and Fig. 2 shows polygons with 

suitable mussel substrate and areas excluded from salvage efforts due to unsuitable 

habitat and/or unsafe conditions. Appendix A contains representative photos from 

the reconnaissance effort.  

4.1.1 Subarea E 

Within Subarea E, 38,067 m2 contained suitable mussel habitat. Of this, 6,018 m2 

was excluded from salvage efforts due to unsafe diving conditions (i.e., within 500 

feet of Trowbridge Dam and/or had current too swift for diving) or due to previous 

data indicating sediment PCB concentrations in excess of 25 mg/kg. This resulted in 

a total mussel salvage area of 32,049 m2 in Subarea E (Fig. 2).  

4.1.2 Subarea F 

Within Subarea F, 22,327 m2 contained suitable mussel habitat. Of this, 585 m2 was 

excluded from salvage efforts due to previous data indicating sediment PCB 

concentrations in excess of 25 mg/kg, resulting in a total mussel salvage area of 

21,742 m2 in Subarea F (Fig. 2).  

4.1.3 Subarea G 

Much of the north and northeast region of Subarea G was inaccessible by boat 

during the May 2020 reconnaissance effort due to dense stands of narrowleaf and 

hybrid cattail (Typha angustifloia and T. x glauca.) and shallow water. These areas 

contained little flow and poor mussel habitat and were excluded from mussel 

salvage efforts, resulting in a total mussel salvage area of 2,023 m2 in Subarea G 

(Fig. 2).  
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4.2 Mussel Salvage Results 

Approximately 65%(36,199 m2) of the total mussel salvage footprint in Subareas E, 

F, and G was cleared of mussels in 2020, which included all of Subareas F and G. 

All remaining areas in Subarea E were cleared of mussels in 2021 (Fig. 3).   

A total of 196 live mussels representing nine species were salvaged and relocated 

from Subareas E, F, and G (Table 1). Neither state- nor federal-listed mussels were 

found; however, state species of special concern Elktoe (Alasmidonta marginata), 

Fluted-shell (Lasmigona costata), and Paper Pondshell (Utterbackia imbecillis) were 

found. Mussels were not marked or tagged given listed species were not found and 

relatively low numbers of mussels were encountered. The upstream relocation area 

where all mussels were placed is shown in Fig. 4.  

Mussel community data specific to each subarea is reported below. Representative 

photos of mussel species and of salvage efforts are provided in Appendix C.  

4.2.1 Subarea E 

In 2020, mussel salvage efforts were conducted in 12,434 m2 of Subarea E, with the 

remaining 19,615 m2 cleared of mussels in 2021 (Fig. 3). Sand was the most 

common substrate type found in Subarea E and in some cases was the only 

substrate type found in a mussel salvage block. Silt was the next most abundant 

type of substrate in Subarea E. Substrate coverage data for each 100-m2 salvage 

cell are available upon request. Table 2 reports average substrate coverage in each 

mussel salvage block. In 2021, large deposits of silt and fine-grained sand, 

sometimes 18–24 inches thick, were observed in Subarea E, particularly along the 

LDB in blocks E1 and E2. Such deposits were not present in those areas during 

2020 reconnaissance and mussel salvage efforts.  

Water depth was variable throughout Subarea E, ranging from <1 foot to 8.2 feet 

during salvage efforts (Table 2). The shallowest areas were on large sand flats near 

the middle of the subarea and the deepest were off the LDB, downstream of the 

confluence with Subarea F (Fig. 3).   

Water column visibility was variable and generally ranged from 15 to 30 centimeters 

(cm) early in the summer when flows were higher to >50 cm when conditions were 

drier and flows were lower. Current velocities were swift in parts of Subarea E, 

particularly in block E4, where divers were required to be tethered to the boats when 

conducting mussel salvage, and in block E2 (Fig. 3). Block E4 also had multiple 

downed trees along the LDB that could not be surveyed due to safety concerns 

associated with underwater entanglement (Appendix C photos 101, 102). In 2021, 
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portions of block E4 along the RDB were dry due to low water levels and not 

surveyed.  

From Subarea E, 133 live mussels representing eight species were salvaged and 

relocated (Tables 3a, b; Figures 5a–5c). Mucket (Actinonaias ligamentina) and 

White Heelsplitter (Lasmigona complanata) were the most abundant species found. 

Subarea E is the only subarea where Elktoe and Fluted-shell (both state species of 

special concern) were found. The majority of the mussels salvaged in Subarea E 

came from three blocks: E2, near the downstream end of Subarea E; E5, near the 

confluence with Subarea F; and E11, at the upstream end of Subarea E (Figs. 5a–

5c).  

4.2.2 Subarea F 

The entire Subarea F mussel salvage footprint (21,742 m2 total) was searched for 

mussels in 2020 (Fig. 3). Silt was the most common substrate throughout Subarea 

F, with silt depths sometimes exceeding 2 feet. Silt coverage averaged 

80%throughout all Subarea F mussel salvage blocks. Table 4 reports average 

substrate coverage in each mussel salvage block. Substrate coverage data for each 

100-m2 salvage cell are available upon request. 

Most of Subarea F was shallow, with water depths ranging from <1 foot to 5 feet 

during salvage efforts (Table 4). The deepest areas were found in block F9, near the 

confluence with Subarea E (Fig. 3).   

Water column visibility was poor throughout most of Subarea F and typically ranged 

from 15 to 30 cm, precluding visual searches for mussels. The poor visibility was 

likely due to slower flows in Subarea F (as compared to Subarea E) and the 

dominance of fine-grained substrate that was commonly suspended in the water 

column.   

Within Subarea F, 59 live mussels representing six species were salvaged and 

relocated (Table 5; Figs. 5a–5c). White Heelsplitter was the most abundant and 

made up nearly 80%of the live mussels found in Subarea F. Over half of the 

mussels found in Subarea F were found in block F7, near the upstream end of 

Subarea F (Figs. 5a–5c). Subarea F is the only subarea in which Paper Pondshell 

(Utterbackia imbecillis), a species of special concern, was found.  

4.2.3 Subarea G 

The entire Subarea G mussel salvage footprint (2,023 m2 total) was searched for 

mussels in 2020 (Fig. 3). Silt and muck were the most common substrate types in 
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Subarea G, with silt depth sometimes exceeding 18 inches. Submerged and floating 

aquatic vegetation was abundant and dense, particularly on the western side of 

mussel salvage block G1 (Fig. 3). 

Subarea G was also shallow, with water depths ranging from <1 foot to 2.6 feet 

during salvage efforts (Table 6). Parts of Subarea G were found to be nearly dry, or 

with very little water, late in the summer after mussel salvage efforts had taken 

place.  

Water column visibility in Subarea G was similar to that of Subarea F and typically 

ranged from 15 to 30 cm, precluding visual searches for mussels. The poor visibility 

was likely due to slower flows in Subarea G (as compared to Subarea E) and the 

dominance of fine-grained substrate that was commonly suspended in the water 

column. 

Four live mussels representing two species, White Heelsplitter and Giant Floater 

(Pyganodon grandis), were salvaged and relocated from Subarea G (Table 7; Figs. 

5a–5c). All of the mussels were found in block G2, which had more sand and less 

aquatic vegetation and silt than block G1 (Table 6).  

4.3 Relocation Area 

The MDNR-approved relocation area used for Subarea E, F, and G mussels (Fig. 4) 

was most similar in substrate composition to Subarea E. Sand and gravel were the 

most common substrate types in the relocation area, water depth ranged from <1 

foot to 6 feet (Table 8) and was consistent in 2020 and 2021. Visibility was similar to 

Subarea E, typically in the 50–75-cm range. Twelve Muckets were found during 

qualitative searches in and around the relocation area.  

4.4 Post-Relocation Monitoring 

Post-relocation monitoring is required to assess survival of relocated mussels when 

state- or federally listed species are found. Neither state- nor federally listed mussels 

were found in Area 4, Subareas E, F, and G, so post-relocation monitoring of the 

salvaged and relocated mussels is not planned. 

4.5 Conclusions 

The Area 4, Subarea E, F, and G mussel salvage efforts detailed in this report were 

conducted in accordance with Michigan’s mussel protocol and the Mussel Work Plan 

(Appendix A). All areas with suitable mussel habitat were searched unless excluded 

due to safety concerns (e.g., swift current, underwater obstructions, elevated PCB 
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concentrations). Mussel survey and identification was conducted by trained and 

experienced mussel surveyors and biologists.  

One hundred ninety-six (196) mussels were salvaged from Area 4, Subareas E, F, 

and G and relocated upstream in 2020 and 2021. All mussel species found were 

previously documented in the Kalamazoo River during prior mussel surveys 

conducted in 2001 (Mulcrone and Mehene, 2001). Mucket and White Heelsplitter 

were the most abundant species found at two locations near the Trowbridge Dam 

(Table 3 in Mulcrone and Mehne, 2001). These species were also the most 

abundant species found in Area 4 Subareas E, F, and G (Table 1). Shells from all 

species found in 2020 and 2021 were also found in the Kalamazoo River during a 

2010 mussel shell search conducted by MNFI (MNFI, 2010).  

The mussel community documented in Subareas E, F, and G was also generally 

consistent with results of mussel salvage efforts conducted in Area 3 of the 

Kalamazoo River in 2016–2017 (ESI, 2016 and 2018), with seven of the nine 

species found in Area 4 in 2020 also being found in Area 3 in 2016–2017. Mucket 

and White Heelsplitter were again the most abundant species found during the 

2016–2017 Area 3 survey and relocation. Two species, Giant Floater and Paper 

Pondshell, were found in Area 4 during 2020 salvage but were not found during 

ESI’s Area 3 salvage efforts. Low numbers of Plain Pocketbook (Lampsilis cardium) 

and Ellipse (Venustaconcha ellipsiformis) were documented in Area 3 but were not 

found in Area 4 in 2020 or 2021. These species differences can likely be attributed 

to substantial differences in flow and habitat in Subareas E, F, and G of Area 4 as 

compared with the Area 3 locations surveyed in 2016–2017. Area 4 retains some 

“impoundment-like” characteristics, particularly in Subareas F and G, which are 

highly depositional and heavily vegetated, particularly in late summer. These 

conditions are not ideal for mussels, thus it is not surprising the mussel community 

found in Subareas F and G was dominated by White Heelsplitter, a mussel species 

that is regularly found in slow-flowing (or lentic) waters and is “common below 

sewage outfalls and impoundments” (Watters et al, 2009). 

Overall, relatively low mussel abundance was documented throughout Subareas E, 

F, and G. The low abundance may be driven by variable flow conditions and 

generally poor mussel substrate in the lower stretches of Area 4, particularly in 

Subareas F and G. Subareas F and G are subject to substantial water level 

fluctuations throughout the summer, with portions of those subareas drying out in 

late summer. Substrate in Subareas F and G is dominated by silt and muck and is 

not as diverse as substrate in Subarea E.  
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Nearly 68% (133/196) of the mussels salvaged came from Subarea E, where the 

highest quality mussel substrate (i.e., heterogeneous and stable) was documented, 

particularly in the lower half of Subarea E downstream of the confluence with 

Subarea F. Fewer mussels were found in the upper half of Subarea E, where highly 

mobile sand (homogeneous and unstable), generally considered poor substrate for 

mussels due to its instability, was dominant and can clearly be seen in the aerial 

images in Figs. 1 and 2 (blocks E5–E7).  

Bottom substrates varied slightly within Subarea E between 2020 and 2021, with an 

exception being the LDB and middle channel portions of the lower part of Subarea 

E, downstream of the confluence of Subarea F. In that stretch, upwards of 24 inches 

of silt and fine-grained sediment had deposited in 2021. This substrate  had not 

been felt nor observed in 2020 during prior reconnaissance or mussel salvage work. 

Deposition of sediment can adversely impact mussel populations (Goldsmith et al., 

2021). These areas were determined to be devoid of mussels based on the high 

mobility and thickness of this material; preliminary searches resulted in no mussels 

found. Determining the source (and timing) of those deposits is beyond the scope of 

this mussel salvage report.  

The relocation area utilized during the Area 4, Subarea E, F, and G mussel salvage 

was suitable for mussels based on the presence of live mussels throughout the area, 

a diversity of flows (slow and fast), and coverage of sand and gravel (Table 8). A 

small, vegetated island and river bend just upstream of the relocation area helps to 

create diversity in flow and substrate. The fish community in the relocation area is 

expected to be similar to the fish community found in Subarea E. These factors 

should maximize survival of the mussels relocated during the Area 4, Subarea E, F, 

and G mussel salvage efforts.  



Area 4 Mussel Salvage Report (2020/2021) 

OU5 Area 4 Time-Critical Removal Action 

Allied Paper/Portage Creek/ 

Kalamazoo River Superfund Site 

January 21, 2022 

 

GEI  15 

5. References 

AECOM (2019). “Trowbridge Dam Removal – Phase 1A, Basis of Design Report.” 

Prepared for Michigan Department of Natural Resources. May 30, 2019. 

ESI (2016). “Freshwater Mussel (Unionidae) Relocations in the Kalamazoo River for 

The Allied Paper, Inc. / Portage Creek Kalamazoo River Superfund Site Project in 

Allegan County, Michigan.” Prepared for Amec, Foster, Wheeler. December 30, 

2016. 

ESI (2018). “Freshwater Mussel (Unionidae) Relocations in the Kalamazoo River for 

The Allied Paper, Inc. / Portage Creek Kalamazoo River Superfund Site Project in 

Allegan County, Michigan. Prepared for Amec, Foster, Wheeler. March 8, 2018.  

GEI (2020). “Mussel Work Plan, Rev. 1. OU5 Area 4 Time-Critical Removal Action 

Allied Paper/Portage Creek/Kalamazoo River Superfund Site.” Prepared for 

Kalamazoo Ri8ver Areas 2, 3, and 4 Remediation LLC. June 1, 2020.Goldsmith AM, 

Jaber F, Ahmari H, et al. (2021). Clearing up cloudy waters: A review of sediment 

impacts to unionid freshwater mussels. Environmental Reviews 29:100–108. 

Hanshue S, Rathbun J, Badra P, et al. (2021). Michigan Freshwater Mussel Survey 

Protocols and Relocation Procedures for Rivers and Streams. May 2021.   

Metcalfe-Smith J, MacKenzie A, Carmichael I, et al. (2005). Photo Field Guide to the 

Freshwater Mussels of Ontario. St. Thomas ON: St. Thomas Field Naturalist Club. 

MNFI (2010). “Mussel Shell Survey Report: Kalamazoo River Unionid Mussel Shell 

Survey in the Marshall and Battle Creek Area, October 2010.” Prepared for U.S. 

Department of Interior, U.S. Fish and Wildlife Services and Kalamazoo River 

Enbridge Line 6B Oil Spill Trustee Council. 

Mulcrone R S and Mehne C. (2001). “Freshwater mussels of the Kalamazoo River, 

Michigan, from Battle Creek to Saugatuck.” Prepared for U.S. Department of Interior, 

U.S. Fish and Wildlife Services, East Lansing Field Office, East Lansing, Michigan.  

Mulcrone R and Rathbun J. (2018). Pocket Field Guide to the Freshwater Mussels of 

Michigan. Michigan Department of Natural Resources. 

 



Area 4 Mussel Salvage Report (2020/2021) 

OU5 Area 4 Time-Critical Removal Action 

Allied Paper/Portage Creek/ 

Kalamazoo River Superfund Site 

January 21, 2022 

 

GEI  16 

Smith DR (2006). Survey design for detecting rare freshwater mussels. J. N. Am. 

Benthol. Soc. 2006, 25(3): 701–711. 

Watters GT, Hoggarth MA,  Stansbery DH (2009). The Freshwater Mussels of Ohio. 

Columbus: The Ohio State University Press.  

USFWS (2020). Telephone conversation with Jessica Pruden (USFWS), Ryan 

Holem (GEI), and Stu Kogge (GEI). February 24, 2020.



Area 4 Mussel Salvage Report (2020/2021) 

OU5 Area 4 Time-Critical Removal Action 

Allied Paper/Portage Creek/ 

Kalamazoo River Superfund Site 

January 21, 2022 

 

GEI   

Tables 



Table 1. 2020-2021 Area 4 Mussel Salvage Results Summary by Subarea

Species Common Name MI
Status1

2020 2021 Area 4
TotalE F2 G2 E

Actinonaias ligamentina Mucket - 49 0 0 16 65
Alasmidonta marginata Elktoe SC 7 0 0 5 12

Fusconaia flava Wabash pigtoe - 2 1 0 3 6
Lampsilis siliquoidea Fatmucket - 2 2 0 0 4

Lasmigona complanata White heelsplitter - 21 47 3 11 82
Lasmigona costata Fluted-shell SC 0 0 0 1 1
Pyganodon grandis Giant floater - 3 6 1 0 10

Strophitus undulatus Strange floater - 7 2 0 6 15
Utterbackia imbecillis Paper pondshell SC 0 1 0 0 1

Total Mussels 91 59 4 42 196
1 Status as of 2021: SC = Special Concern
2 Mussel Salvage Completed in 2020

Prepared by D. Kowalski 12/16/2021
Checked by R. Holem 12/22/2021



Table 2. 2020-2021 Subarea E Substrate

Salvage
Block

Depth (ft)1 Substrate Type Coverage (%)1

Ave Max Muck Silt Detritus Sand Gravel Cobble Boulder Hardpan Bedrock Artificial
E1 1.8 2.5 0 10 0 90 0 0 0 0 0 0
E2 3.0 5.8 0 19 1 40 8 7 4 21 0 0
E3 3.4 8.2 0 15 0 49 9 6 1 21 0 0
E4 2.6 8.0 0 44 0 54 1 1 0 1 0 0
E5 1.8 4.3 0 7 0 84 2 4 1 1 0 0
E6 1.0 2.0 0 0 0 100 0 0 0 0 0 0
E7 2.0 3.0 0 0 0 100 0 0 0 0 0 0
E8 1.0 2.0 0 70 0 0 0 0 0 30 0 0
E9 2.1 3.5 0 35 0 63 0 0 0 3 0 0

E10 2.9 4.8 0 7 1 85 7 0 0 0 0 0
E11 3.1 4.6 0 24 6 50 5 12 0 3 0 0

Subarea E 2.2 8.2 0 21 1 65 3 3 1 7 0 0
1 ft = feet; Ave = average; Max = maximum
2 Average coverage values across all cells surveyed in a block

Prepared by D. Kowalski 12/16/2021
Checked by R. Holem 12/22/2021



Table 3a. 2020 Subarea E Mussels Salvaged

Species Common Name MI
Status1

Salvage Block Total
MusselsE2 E4 E5 E6 E7 E10 E11

Actinonaias ligamentina Mucket - 13 1 8 0 0 0 27 49
Alasmidonta marginata Elktoe SC 4 0 3 0 0 0 0 7

Fusconaia flava Wabash pigtoe - 2 0 0 0 0 0 0 2
Lampsilis siliquoidea Fatmucket - 2 0 0 0 0 0 0 2

Lasmigona complanata White heelsplitter - 8 0 6 0 0 4 3 21
Lasmigona costata Fluted-shell 0 0 0 0 0 0 0 0
Pyganodon grandis Giant floater - 1 0 2 0 0 0 0 3

Strophitus undulatus Strange floater - 0 1 6 0 0 0 0 7
Total Mussels 30 2 25 0 0 4 30 91

1 Status as of 2021: SC = Special Concern; T = Threatened; E = Endangered; federally-listed mussels were not found

Table 3b. 2021 Subarea E Mussels Salvaged

Species Common Name MI
Status1

Salvage Block Total
MusselsE1 E2 E3 E4 E5 E8 E9 E11

Actinonaias ligamentina Mucket - 0 9 3 0 2 0 1 1 16
Alasmidonta marginata Elktoe SC 0 3 1 0 1 0 0 0 5

Fusconaia flava Wabash pigtoe - 0 0 1 0 2 0 0 0 3
Lampsilis siliquoidea Fatmucket - 0 0 0 0 0 0 0 0 0

Lasmigona complanata White heelsplitter - 0 1 4 0 1 0 5 0 11
Lasmigona costata Fluted-shell 0 1 0 0 0 0 0 0 1
Pyganodon grandis Giant floater - 0 0 0 0 0 0 0 0 0

Strophitus undulatus Strange floater - 0 2 0 0 3 1 0 0 6
Total Mussels 0 16 9 0 9 1 6 1 42

1 Status as of 2021: SC = Special Concern; T = Threatened; E = Endangered; federally-listed mussels were not found

Prepared by D. Kowalski 12/16/2021
Checked by R. Holem 12/22/2021



Table 4. 2020 Subarea F Substrate

Salvage
Block

Depth (ft)1 Substrate Type Coverage (%)1,2

Avg Max Muck Silt Detritus Sand Gravel Cobble Boulder Hardpan Bedrock Artificial
F1 1.3 1.9 0 71 7 9 2 1 0 0 0 0
F2 1.0 1.7 0 82 1 15 2 0 0 0 0 0
F3 1.1 1.8 0 94 1 6 0 0 0 0 0 0
F4 1.3 1.9 0 73 13 11 0 0 0 0 0 0
F5 1.1 1.6 3 93 1 4 0 0 0 0 0 0
F6 1.6 2.1 0 90 1 9 0 0 0 0 0 0
F7 1.7 2.3 0 72 2 22 0 0 0 1 0 0
F8 1.3 1.9 0 79 4 16 0 0 0 0 0 0
F9 3.5 5.0 0 70 5 20 0 5 0 0 0 0

Subarea F 1.5 2.2 0 80 4 12 0 1 0 0 0 0
1 ft = feet; Ave = average; Max = maximum
2 Average coverage values across all cells surveyed in a block
3 Dense macrophytes present in substantial portions of Subarea F

Prepared by D. Kowalski 12/16/2021
Checked by R. Holem 12/22/2021



Table 5. 2020 Subarea F Mussels Salvaged

Species Common Name MI
Status1

Salvage Block Total
MusselsF1 F2 F3 F4 F5 F6 F7 F8 F9

Fusconaia flava Wabash pigtoe - 1 0 0 0 0 0 0 0 0 1
Lampsilis siliquoidea Fatmucket - 0 0 0 0 1 0 1 0 0 2

Lasmigona complanata White heelsplitter - 3 0 0 4 13 1 23 1 2 47
Pyganodon grandis Giant floater - 1 0 0 0 0 0 5 0 0 6

Strophitus undulatus Strange floater - 0 0 0 0 0 1 1 0 0 2
Utterbackia imbecillis Paper pondshell SC 0 0 0 0 0 1 0 0 0 1

Total Mussels 5 0 0 4 14 3 30 1 2 59
1 Status as of 2021: SC = Special Concern; T = Threatened; E = Endangered; federally-listed mussels were not found

Prepared by D. Kowalski 12/16/2021
Checked by R. Holem 12/22/2021



Table 6. 2020 Subarea G Substrate

Salvage Block Depth (ft)1 Substrate Type Coverage (%)1,2

Avg Max Muck Silt Detritus Sand Gravel Cobble Boulder Hardpan Bedrock Artificial
G1 1.3 2.1 56 36 2 6 0 0 0 0 0 0
G2 1.7 2.6 0 16 3 45 0 0 0 36 0 0

Subarea G 1.5 2.3 28 26 2 26 0 0 0 18 0 0
1 ft = feet; Ave = average; Max = maximum
2 Average coverage values across all cells surveyed in a block
3 Dense macrophytes present in substantial portions of Subarea G

Prepared by D. Kowalski 12/16/2021
Checked by R. Holem 12/22/2021



Table 7. 2020 Subarea G Mussels Salvaged

Species Common Name MI
Status1

Survey Block Total
MusselsG1 G2

Lasmigona complanata White heelsplitter - 0 3 3
Pyganodon grandis Giant floater - 0 1 1

Total Mussels 0 4 4
1 Status as of 2021: SC = Special Concern; T = Threatened; E = Endangered; federally-listed mussels not found

Prepared by D. Kowalski 12/16/2021
Checked by R. Holem 12/22/2021



Table 8. 2020-2021 Relocation Area Substrate1

Depth (ft) Substrate Type Coverage (%)
Avg Max Muck Silt Detritus Sand Gravel Cobble Boulder Hardpan Bedrock Artificial
4.0 6.0 0 0 0 65 25 10 0 0 0 0

1 Numerous live Mucket and shells of other species were found in relocation area during qualitative searches

Prepared by D. Kowalski 12/16/2021
Checked by R. Holem 12/22/2021
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2. Introduction 

GEI Consultants of Michigan, PC (GEI) is pleased to provide this Mussel Work Plan 
for Area 4 of Operable Unit 5 (OU5) of the Allied Paper/Portage Creek/Kalamazoo 
River Superfund Site (Site). This work will be performed by GEI on behalf of the 
Kalamazoo River Areas 2, 3, and 4 Remediation LLC (LLC), which NCR Corporation 
(NCR) formed to meet certain requirements of the Consent Decree (CD) between 
NCR Corporation, the United States Environmental Protection Agency (EPA), and 
the State of Michigan. The CD was lodged in December 2019 and, if approved by 
the Court, will require NCR to conduct response activities in Areas 2, 3, and 4 of 
Operable Unit 5 of the Allied Paper/Portage Creek/Kalamazoo River Superfund Site.  
Work activities mandated by the CD include: performance of a time-critical removal 
action (TCRA) in Area 4, remedial design and remedial action in Area 2, and, unless 
an opt-out is exercised, remedial design and remedial action in Area 3.  

As part of the Area 4 TCRA remedial efforts, NCR will conduct a freshwater mussel 
survey and salvage effort ahead of the anticipated sediment removal actions.  This 
Mussel Work Plan was developed to outline the tasks and procedures associated 
with these survey and salvage activities.  This Mussel Work Plan was updated 
following reconnaissance efforts conducted in May 2020 and may be subject to 
further updates, pending assessment and evaluation of additional data obtained in 
implementing this Work Plan.        

Michigan is one of several states with written protocol designed to guide mussel 
survey and relocation efforts within lotic (flowing) waters.  Michigan’s protocol, 
entitled “Michigan Freshwater Mussel Survey Protocols and Relocation Procedures” 

(MDNR et al., 2019, Version 2), hereafter referred to as “Michigan’s mussel 

protocol”, was designed for “projects whose potential impacts are limited spatially to 

a few hundred meters of river or less (e.g. streambed disturbance, or temporarily 
increased sedimentation), not for projects or events impacting multiple kilometers of 
river (e.g. chemical or oil spills, mussel kills, or large dredging projects).”   

Michigan’s mussel protocol and its applicability to the proposed scope of Area 4 
TCRA remediation activities were discussed during a March 10, 2020 meeting with 
biologists from GEI Consultants of Michigan, P.C. (GEI) and the Michigan 
Department of Natural Resources (MDNR).  General agreement was reached that 
the Area 4 TCRA mussel effort should be considered a mussel “salvage” project 

(and is hereafter referred to as such), rather than a mussel survey given the large-
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scale dredging in advance of the removal of the Trowbridge Dam.  As such, MDNR 
concurred that Michigan’s mussel protocol does not apply to the mussel effort 
described in this document.  In addition, agreement was reached during the meeting 
that mussel salvage efforts covered under this Mussel Work Plan should focus on 
Area 4, Subareas E, F, and G, (Figure 1) with any additional Area 4 mussel efforts 
(e.g., Subareas C and D, if necessary) captured under subsequent revised versions 
of this Mussel Work Plan.  

Mussel species diversity and density in Area 4 is not known but is expected to be 
generally consistent with previous mussel relocation efforts conducted in Area 3 
(OU5) of the Kalamazoo River (ESI, 2016, 2017, and 2018) and finding additional 
species is not expected (MDNR and GEI, 2020).  Kalamazoo River mussel 
occurrence data will be reviewed in advance of the Area 4 mussel salvage effort and 
are expected to include, but may not be limited to, reports from Michigan Natural 
Features Inventory (MNFI; 2011), Mulcrone and Mehne (2001), and reports/theses 
(i.e., Barnett, 2015) produced from Dr. Daelyn A. Woolnough’s laboratory at Central 

Michigan University. 

This Mussel Work Plan outlines mussel salvage and relocation efforts proposed for 
2020 and 2021 based upon substrate and mussel habitat characterization 
reconnaissance surveys completed in May 2020. At present it does not include 
salvage and relocation efforts that may be associated with the removal of 
Trowbridge Dam. Major goals of efforts described in this Mussel Work Plan include:   

• Generate mussel habitat data (i.e., substrate types, stability, and 
distribution within the river) and an understanding of how it may relate to 
water depths and flows. This data can be used to minimize time spent in 
areas with low mussel density; 

• To the extent possible, identify and focus on areas with a probable high 
density of mussels, with a particular emphasis on federal and state 
threatened and endangered (TE) mussel species; and 

• Find and relocate (salvage) as many mussels as possible. 

A preliminary sequence/timeline for efforts to be conducted under this Mussel Work 
Plan is as follows: 

• Submit draft Mussel Work Plan to MDNR for review (March-April 2020; 
submitted and approved April 13, 2020); 
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• Conduct reconnaissance efforts in Area 4, Subareas E, F, and G, and 
potential mussel relocation areas (April-May 2020; completed May 2020); 

• Submit revisions to the approved Draft Mussel Work Plan for review based 
upon completed reconnaissance efforts (end of May 2020); 

• Conduct mussel salvage efforts in Area 4, Subareas E, F, and G (June -
September 2020 and June–September 2021);  

• Conduct post-relocation monitoring in selected mussel relocation areas 
(September-October 2020 and/or September–October 2021); and 

• Generate mussel salvage summary report including recommendations for 
future mussel salvage efforts, if necessary (Fall/Winter 2020 and 2021). 
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3. Reconnaissance Efforts 

Reconnaissance efforts focused on characterizing bottom substrates and assessing 
flows within the proposed remediation areas of Area 4 Subareas E, F, and G and the 
evaluation of relocation areas located further upstream within Area 4 Subarea A and 
previously remediated areas within Area 3 of the Kalamazoo River (Figures 1 and 2, 
respectively). These field reconnaissance assessments were conducted in May 
2020 to identify areas with suitable and unsuitable substrates for freshwater mussels 
and areas of safe and unsafe flows for scuba divers to salvage any freshwater 
mussels present.  

Reconnaissance efforts primarily focused on Area 4, Subareas E, F, and G where 
dredging may occur in in 2021 (MDNR and GEI, 2020).  Reconnaissance efforts 
were also conducted in potential mussel relocation areas recommended by and 
discussed with MDNR.  An overview of reconnaissance methods is described below 
with reconnaissance effort results summarized in Section 2.3.   

3.1 Subarea E, F, and G Substrate/Habitat Characterization 

A transect-based substrate evaluation was conducted throughout Subareas E, F, 
and G. Transects were spaced 25 meters (m) apart (Figure 3) unless substrate was 
clearly not suitable for mussels in which case transects were spaced further apart, 
which was the case in Subarea G. In each transect, substrate was characterized at 
multiple points via sediment “poling” and/or ponar grab samples. Poling was also 
conducted in between transects to evaluate for changes in substrate between 
transects. MDNR noted that substantial portions of Subarea E may be highly mobile 
sand, which is generally not suitable substrate for mussels (MDNR and GEI, 2020). 
MDNR also noted that Subarea G may not be inundated with water year-round so 
mussels may not be present in this area (MDNR and GEI, 2020). These conditions 
were assessed during the substrate evaluation.   

At each transect point, data below were recorded:  

• Water depth; 

• Presence/absence of macrophytes and woody debris;  

• Surface substrate type (e.g., sand, silt, gravel, cobble, boulder, detritus, 
hardpan, etc.); and 
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• Surface substrate characterization (e.g. stable, unstable, level of mobility, 
compacted, unconsolidated, etc.).  

From this data, a determination as to the presence/absence of suitable (and 
unsuitable) mussel substrate/habitat at each transect point was made. The following 
substrate types and features were characterized as “unsuitable” for mussels:  

• Bedrock/hardpan; 

• Homogeneous, unstable, and highly mobile substrate such as sand and silt;  

• Homogeneous, unstable, and relatively unconsolidated substrates such as 
soft mucks, clays, silts, and detrital matter in backwater areas; and 

• Areas with dense coverage of large woody debris and/or detritus. 

Each of the 368 transect points were identified as being either suitable or unsuitable 
substrate for freshwater mussels using criteria established above. Points of suitable 
substrate were combined into polygons (Figure 3).  Results of the substrate/habitat 
characterization are summarized in Section 2.3. 

3.2 Relocation Area Evaluation 

GEI understands that relocation area(s) need to be selected to maximize survival 
and fitness of the relocated individuals, minimize risk to resident mussel fauna at the 
relocation site, and enable efficient monitoring of relocated mussels.  The relocation 
area(s) should generally have the same habitat types as the salvage sites and 
evidence that live mussels are either present or could survive in the relocation 
area(s).  Areas which currently support freshwater mussels and are not anticipated 
to be disturbed by future remediation activities (i.e., Area 4, Subarea A) or areas that 
have had site conditions remediated and improved upon will be considered areas 
that can be supportive of freshwater mussels.  Hydraulic modeling data will be 
reviewed to confirm the relocation area(s) selected will not end up being dewatered 
once Trowbridge Dam is removed.  
 
Three potential mussel relocation areas (Figure 2) were recommended for 
evaluation by MDNR (MDNR and GEI, 2020).  Those areas were visited as part of 
the reconnaissance efforts and evaluated for suitable substrates and flows using 
similar techniques described in Section 2.1, but in lesser detail and without the use 
of transects. Evaluation of these areas also considered factors such as site access 
and overall size of area that would be suitable for mussel relocation. Results of the 
relocation area assessments are summarized in Section 2.3.4. No mussels will be 
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salvaged and relocated until relocation area(s) have been agreed upon by regulatory 
agencies. 
 
3.3 Reconnaissance Results  

Field reconnaissance efforts were conducted on May 4, 5, and 11, 2020 in Area 4 
Subareas E, F, and G and in three potential relocation areas between Area 4 
Subarea A and previously remediated subareas of Area 3 (Figures 1 and 2, 
respectively) Figures 3 and 4 illustrate the results, assessments, and evaluations of 
those efforts. A summary of reconnaissance effort findings is presented below.  

3.3.1 Subarea E 

Two hundred and five (205) points along 45 transects were evaluated in Subarea E 
(Figure 3). A summary of relevant Subarea E observations is provided in the bullets 
that follow: 

 
• Water depth ranged from 0.3 – 3.5 m and visibility was generally 15-50 

centimeters (cm). 
• Water temperature ranged from 61-65°F. 
• The highest quality mussel substrate was documented in the lower half of 

Subarea E where heterogeneous substrates were identified and included sand, 
gravel, and cobble (Figure 3). 

• Homogenous unsuitable substrate, such as highly mobile sand, was regularly 
found in the upper half of Subarea E (Figure 3).  

o Areas with highly mobile sand as the dominant substrate type were 
eliminated from the salvage footprint (Figure 3). 

• Flow velocities were fastest at the lower end of Subarea E with a maximum 
observed flow rate of 3.5 feet per second (fps). The slowest velocities were in 
the backwater areas and interior bends of the river where negligible flows were 
observed. Average flow velocity in Subarea E during the reconnaissance effort 
was 1.9 fps. 

o In accordance with OSHA regulation 1910.424, current velocities in 
excess of 1.7 fps require a diver to be line-tended. Velocities well in 
excess of 2.0 fps can create unsafe conditions for mussel salvage and 
determinations as to diver safety will be evaluated in the field at the time 
of field salvage efforts.  

• Several transects near the bottom end of Subarea E had flow rates in excess of 



Mussel Work Plan, Rev. 1 
OU5 Area 4 Time-Critical Removal Action 

Allied Paper/Portage Creek/ 
Kalamazoo River Superfund Site 

April 13, 2020 
Revised June 1, 2020 

 

 

GEI   8 

4 fps and was close to the Trowbridge Dam. Due to swift currents, the boat 
could not be consistently held at Transect 1 to collect substrate data. These 
lower transects with their fast currents and proximity to the dam are unsafe for 
divers.  

o Areas that exceeded these velocities were excluded from the salvage 
footprint and are depicted in red cross-hatching in Figure 3.  

 
3.3.2 Subarea F 

One hundred and sixteen (116) points along 34 transects were evaluated in 
Subarea F (Figure 3). A summary of relevant Subarea F observations is provided in 
the bullets that follow: 

 
• Water depth ranged from 0.2 – 1.4 m and visibility was generally 15-30 cm. 
• Water temperature ranged from 61-65°F.  
• The highest quality substrate was documented in the lower half of Subarea F 

and along the left downstream bank where heterogeneous substrate included 
sand and gravel (Figure 3).  

• The right downstream bank was typically unsuitable for mussels with mobile 
sand and unconsolidated silt and muck regularly found. 

• Emergent vegetation bisects Subarea F from the main channel of the 
Kalamazoo River and is not suitable for mussels given very shallow depths and 
lack of flow between the main river channel and Subarea F. 

• Flow velocity was most swift at the upper and lower ends of Subarea F with a 
maximum observed flow rate of 1.7 fps. Negligible flows were observed in 
backwater areas. Average flow velocity in Subarea F during the reconnaissance 
effort was 0.8 fps. 

• Three transects at the upper end of Subarea F could not be reached due to 
shallow waters and downed trees blocking boat access to those transects. 
Therefore, those areas are currently labeled as being suitable substrate for 
mussels. Further reconnaissance or salvage efforts may determine those areas 
to be unsuitable substrates. 

 
3.3.3 Subarea G 

Forty-seven (47) points along 16 transects were evaluated in Subarea G (Figure 3). 
A summary of relevant Subarea G observations is provided in the bullets that follow: 
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• Water depth ranged from 0.3 – 1.2 m and visibility was generally 15-30 cm. 
• Water temperature ranged from 61-65°F. 
• Subarea G is primarily a backwater area dominated by unsuitable substrate 

consisting of unconsolidated silt, muck, and detrital deposits (Figure 3). 
• Dense submergent and emergent aquatic vegetation was observed throughout 

Subarea G, with several transects towards the northeast end of Subarea G not 
reachable by boat due to water depths of less than six inches and dense 
vegetation.  

• Flow velocity was most swift at the lower end of Subarea G with a maximum 
observed flow rate of 1.3 fps. Flows were generally negligible throughout most 
of Subarea G. 
 

3.3.4 Relocation Area Evaluation 

Three potential mussel relocation areas upstream of Area 4 Subareas E, F, and G 
were evaluated during the reconnaissance effort (Figure 2). A summary of 
relocation area observations is provided in the bullets that follow and the relocation 
area recommended for mussels salvaged in 2020 is shown in Figure 4: 
 
• Relocation Area 1 was found to have multiple stretches with suitable mussel 

substrate including sand/gravel and gravel/cobble (Figure 4). Water depth in 
these stretches was generally four feet or less and current was acceptable for 
scuba diving. A small vegetated island and river bend in this area created 
diversity in flow and substrate, which will be of benefit if a diverse mussel 
assemblage is found in Subareas E, F, and G.  

• Potential Relocation Areas 2 and 3 were further upstream and found to have 
less suitable substrate than Relocation Area 1, particularly in previously 
remediated areas where rock and boulders were very common. Current in 
these areas was much faster than Relocation Area 1 and would preclude the 
use of scuba gear in the majority of these areas.  

 
For the reasons above, Relocation Area 1 (Figure 4) is recommended for relocation 
of mussels salvaged in 2020. 
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3.4 Sediment Characterization for PCB Analysis 

Additional sediment characterization efforts are anticipated in 2020 as part of the 
Preliminary Design Investigation (PDI) sampling for polychlorinated-biphenyl (PCB) 
analysis in Area 4, Subareas E, F, and G.  The sampling plan and timelines of the 
sediment PCB investigation are still under development.  Surface sediment PCB 
data from 2014-2015 suggests some of the areas where suitable mussel substrate 
was documented may contain elevated levels of PCBs. Those data are being used 
to evaluate the potential human health risks from contacting sediment during mussel 
salvage efforts. If substantial risk is likely then further modifications to this work plan 
may be necessary.   
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4. Mussel Salvage and Relocation Methods 

4.1 Mussel Collection 

Mussel salvage efforts will focus only on areas where suitable substrate was 
documented (Figure 3) during the reconnaissance effort.  Areas with unsuitable 
substrate will not be searched for mussels. In addition, salvage efforts will not be 
conducted in areas where current creates unsafe conditions as shown on Figure 3. 
Mussel salvage and relocation methods will be based on standardized methods 
presented in sources such as Michigan’s 2019 mussel survey protocol (i.e. Strayer 
and Smith, 2003) and as discussed with MDNR (MDNR and GEI 2020).   

GEI will use a moving transect method and/or cells, the latter of which would not 
exceed 100 m2, to conduct the mussel salvage.  Starting at the downstream most 
location of the proposed salvage area, a transect line will be established to begin 
gridding out survey cells for the salvage efforts.  As salvage activities within cells are 
completed, the transect lines will be moved upstream and the gridding process will 
continue.   

Viewing buckets and/or snorkeling will be used to search for mussels in the near-
shore areas if water depths are less than 3 feet and visibility allows.  Scuba divers 
will search all areas not accessible via viewing buckets or snorkeling.  Scuba diving 
will be conducted by certified scuba divers operating in accordance with a GEI dive 
plan.  

To locate mussels, a visual-tactile search of the surficial substrate will be conducted 
first, followed by excavation of the substrate to a depth of approximately six inches. 
Excavations may not be conducted in areas in which PCB concentrations suggest 
contact with sediment may pose a human health risk.   

Based upon reconnaissance efforts, mussel search times (i.e., effort per square 
meter) will begin at 1 minute/meter2 (min/m2) and may be increased in areas with 
high mussel density or if small-bodied mussels are encountered. Search time will be 
decreased to 0.5 min/m2 in areas where mussels are found in low density.  Once a 
given area (e.g., a survey cell not to exceed 100 m2) has been searched, that cell 
will be considered “cleared” and efforts will proceed to the next cell.  
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4.2 Mussel Handling 

Live mussels will be extracted from the river and placed in flow-through containers 
(i.e., mesh bags, buckets with holes in them) kept out of the sunlight.  Mussels will 
be identified by biologists with experience and training in the identification of 
Michigan mussel species.  Mussels will be measured to the nearest millimeter using 
calipers.  If a large number of mussels are found, a subset of the non-listed mussel 
species will be measured.  All TE mussels will be measured. Representative 
photographs (i.e., left valve, right valve, dorsal view) of each species will be taken.  
Information such as the species, shell length, and marking/tagging information (if 
necessary) will be tracked by transect and/or cell.  

4.3 Mussel Marking/Tagging 

Mussel marking and/or tagging will not be required for non-listed mussels (MDNR 
and GEI, 2020). All TE mussels will be marked or tagged, whichever option is most 
effective based on factors such as the size and condition of mussels found and 
weather. If marking, waterproof pens would be utilized, while glue-on shellfish/bee 
tags would be used for tagging. Markings and tag numbers will be recorded to 
facilitate post-relocation monitoring efforts described further in Section 5.  

4.4 Mussel Relocation 

Mussel relocations will be conducted at the end of each day or concurrently with 
salvage efforts. During the relocation, live mussels will be transported to relocation 
sites in flow-through mesh bags or buckets, taking care to provide consistent fresh 
river water to the mussels and prevent mussel exposure to direct sunlight for 
extended periods of time. Mussels will be placed in relocation areas in the proper 
position (siphons up) in suitable habitat. Consistent with Michigan’s mussel protocol 
for flowing waters, survey efforts will be halted, and personnel from the United 
States Fish and Wildlife Service (USFWS) notified, if a federally-listed mussel 
species is encountered. However, this is not expected based on the lack of federally-
listed mussels in previous Kalamazoo River mussel surveys conducted by ESI 
(2016, 2017, and 2018) and personal communication with the USFWS (2020). If 
federally-listed mussels are found, those mussels will be temporarily held (i.e., not 
relocated upstream) and USFWS will be notified to discuss a path forward that will 
not impede the progress of mussel salvage efforts.   
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4.5 Permitting 

This effort will require scientific collector’s and TE species permits from MDNR. GEI 
will secure these permits, including MDNR-approved mussel relocation sites, prior to 
the initiation of any mussel salvage efforts. GEI currently possesses a USFWS 
federal mussel permit (Permit Number TE33374D-0) but has not been authorized to 
relocate federally-listed mussels from Area 4 because federally-listed mussels are 
not expected to be encountered (USFWS, 2020).  

An MDNR Land Use Permit will also be required for mussel work.  One Land Use 
Permit will cover all mussel activities (reconnaissance survey, salvage, relocation).      

4.6 Mussel Collection Timelines 

The typical timeframe for mussel relocation efforts in Michigan is June 1 – 
September 15 and mussel salvage efforts will commence once necessary permits 
have been secured. Surface water temperatures in Subareas E, F, and/or G were 
above 60°F during the May 2020 reconnaissance effort, which is well above the 50°F 
minimum water temperature listed in Michigan’s mussel protocol. If necessary, the 
September 15 deadline may be extended per conversation with MDNR (MDNR and 
GEI, 2020). 

4.7 Documentation 

Documentation generated during and included as part of the salvage effort will 
include, but may not be limited to:  

• Mapping of salvage and relocation areas using GPS units capable of sub-
meter accuracy; 

• Representative photographs of salvage efforts and photographs of all mussel 
species; and 

• Recorded field condition details such as visibility during salvage efforts, 
survey techniques utilized (i.e., snorkel, viewing buckets, tactile (grubbing), 
weather conditions, substrate, etc. 
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5. Stranded Mussel Salvage 

Any portion of Area 4 Subareas E, F, and G containing suitable mussel habitat that 
will end up dewatered and dry once Trowbridge Dam is removed may be subject to 
additional mussel salvage efforts in advance of, or in conjunction with, removal of 
the dam (MDNR and GEI, 2020).  This effort would be scoped once additional 
hydraulic modeling has been completed and the timeline for the removal of 
Trowbridge Dam is better understood.  GEI also understands that MDNR is currently 
developing protocol for the recovery of “stranded mussels” (i.e. mussels exposed 

during dewatering actions). MDNR has indicated they will share these protocols 
once they are ready for public review and that they may influence future mussel 
salvage efforts (MDNR and GEI, 2020).  
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6. Post-Relocation Monitoring 

Salvaged TE mussels will be monitored using methods discussed with MDNR 
(MDNR and GEI 2020). Mussel density and diversity in Subareas E, F, and G is not 
known at this time, but it is assumed that several hundred mussels (perhaps more 
than 1,000), consisting primarily of non TE species, will be salvaged and relocated in 
2020.  

Mussel salvage efforts are expected to occur throughout the summer of 2020 and a 
monitoring event will be conducted no later than September 15, 2020. An effort to 
locate all marked or tagged TE mussels will be made and will include searching a 
buffered area to account for movement. Elevated post-relocation mortality (i.e., > 40 
percent as noted in Michigan’s Mussel Protocol) of relocated mussels (not each 
species) may indicate that conditions at the relocation site are inappropriate for long-
term survival. If this occurs, MDNR will be contacted to determine what follow up 
action may be necessary. No long-term monitoring of relocated mussels is not 
planned for this project.  
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7. Reporting  

A summary report will be developed that describes and summarizes the salvage and 
relocation efforts. The report will include an overview of methods used, summary of 
data collected, discussion of the findings, maps indicating general locations of the 
mussels found and their relocation zones, and supporting documentation such as 
photographs of the salvage and relocation areas and a list of all species of mussels 
observed.  If the salvage effort extends beyond the 2020 season an additional 
summary report will be submitted.  
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Kalamazoo River 
Area 4 Freshwater Mussel Reconnaissance  
Representative Photographs  
Allegan County, Michigan 

GEI Project #: 2000273 

Photograph 1: Subarea E Transect 3 right descending bank - gravel cobble substrate 

Photograph 2: Subarea E Transect 5 right descending bank - gravel cobble substrate 



 
Kalamazoo River 
Area 4 Freshwater Mussel Reconnaissance  
Representative Photographs  
Allegan County, Michigan 

GEI Project #: 2000273 

Photograph 3: Subarea E Transect 6 mid-channel - sand gravel substrate 

Photograph 4: Subarea E Transect 7 right descending bank - compacted sand substrate 



 
Kalamazoo River 
Area 4 Freshwater Mussel Reconnaissance  
Representative Photographs  
Allegan County, Michigan 

GEI Project #: 2000273 

Photograph 5: Subarea E Transect 8 mid-channel - mobile sand gravel substrate 

Photograph 6: Subarea E Transect 9 right descending near mid-channel - sand gravel clay substrate 



 
Kalamazoo River 
Area 4 Freshwater Mussel Reconnaissance  
Representative Photographs  
Allegan County, Michigan 

GEI Project #: 2000273 

Photograph 7: Subarea E Transect 11 mid-channel - mobile sand substrate 

Photograph 8: Subarea E Transect 12 mid-channel - mobile sand gravel substrate 



 
Kalamazoo River 
Area 4 Freshwater Mussel Reconnaissance  
Representative Photographs  
Allegan County, Michigan 

GEI Project #: 2000273 

Photograph 9: Subarea E Transect 13 mid-channel - mobile sand detritus substrate 

Photograph 10: Subarea E Transect 15 mid-channel - gravel cobble substrate 



 
Kalamazoo River 
Area 4 Freshwater Mussel Reconnaissance  
Representative Photographs  
Allegan County, Michigan 

GEI Project #: 2000273 

Photograph 11: Subarea E Transect 16 mid-channel - mobile sand substrate 

Photograph 12: Subarea E Transect 18 mid-channel - mobile sand substrate 



 
Kalamazoo River 
Area 4 Freshwater Mussel Reconnaissance  
Representative Photographs  
Allegan County, Michigan 

GEI Project #: 2000273 

Photograph 13: Subarea E Transect 18 right descending bank - sand silt detritus substrate 

Photograph 14: Subarea E Transect 19 right descending bank - sand silt substrate 
 



 
Kalamazoo River 
Area 4 Freshwater Mussel Reconnaissance  
Representative Photographs  
Allegan County, Michigan 

GEI Project #: 2000273 

Photograph 15: Subarea E Transect 20 mid-channel - mobile sand substrate 

Photograph 16: Subarea E Transect 22 mid-channel - mobile sand substrate 



 
Kalamazoo River 
Area 4 Freshwater Mussel Reconnaissance  
Representative Photographs  
Allegan County, Michigan 

GEI Project #: 2000273 

Photograph 17: Subarea E Transect 23 right descending near mid-channel - mobile sand substrate 

Photograph 18: Subarea E Transect 24 mid-channel - mobile sand substrate 



 
Kalamazoo River 
Area 4 Freshwater Mussel Reconnaissance  
Representative Photographs  
Allegan County, Michigan 

GEI Project #: 2000273 

Photograph 19: Subarea E Transect 26 mid-channel - mobile sand substrate 

Photograph 20: Subarea E Transect 28 mid-channel - mobile sand substrate 



 
Kalamazoo River 
Area 4 Freshwater Mussel Reconnaissance  
Representative Photographs  
Allegan County, Michigan 

GEI Project #: 2000273 

Photograph 21: Subarea E Transect 30 mid-channel - mobile sand substrate 

Photograph 22: Subarea E Transect 32 left descending bank - mobile sand substrate 



 
Kalamazoo River 
Area 4 Freshwater Mussel Reconnaissance  
Representative Photographs  
Allegan County, Michigan 

GEI Project #: 2000273 

Photograph 23: Subarea E Transect 34 mid-channel - mobile sand substrate 

Photograph24: Subarea E Transect 36 mid-channel - mobile sand substrate 



 
Kalamazoo River 
Area 4 Freshwater Mussel Reconnaissance  
Representative Photographs  
Allegan County, Michigan 

GEI Project #: 2000273 

Photograph 25: Subarea F Transect 63 left descending bank 

Photograph 26: Subarea F Ponar grab sample 



 
Kalamazoo River 
Area 4 Freshwater Mussel Reconnaissance  
Representative Photographs  
Allegan County, Michigan 

GEI Project #: 2000273 

Photograph 27: Subarea F Transect 47 left descending bank - silt gravel substrate 

Photograph 28: Subarea F Transect 47 left descending bank - silt gravel substrate 



 
Kalamazoo River 
Area 4 Freshwater Mussel Reconnaissance  
Representative Photographs  
Allegan County, Michigan 

GEI Project #: 2000273 

Photograph 29: Subarea F Transect 51 left descending bank - silt sand substrate 

Photograph 30: Subarea F Transect 51 left descending bank - silt muck substrate 



 
Kalamazoo River 
Area 4 Freshwater Mussel Reconnaissance  
Representative Photographs  
Allegan County, Michigan 

GEI Project #: 2000273 

Photograph 31: Subarea G Transect 87 right descending bank -  
dense submergent and emergent aquatic vegetation 

Photograph 32: Subarea G Transect 97 right descending bank -  
dense submergent and emergent aquatic vegetation 



 
Kalamazoo River 
Area 4 Freshwater Mussel Reconnaissance  
Representative Photographs  
Allegan County, Michigan 

GEI Project #: 2000273 

Photograph 33: Subarea G Transect 99 right descending bank -  
dense submergent and emergent aquatic vegetation 

Photograph 34: Subarea G Transect 104 mid-channel -  
dense submergent and emergent aquatic vegetation 



 
Kalamazoo River 
Area 4 Freshwater Mussel Reconnaissance  
Representative Photographs  
Allegan County, Michigan 

GEI Project #: 2000273 

Photograph 35: Subarea G Transect 83 left mid-channel - silt muck substrate 

Photograph 36: Subarea G Transect 95 left descending bank - silt muck detritus substrate 



 
Kalamazoo River 
Area 4 Freshwater Mussel Reconnaissance  
Representative Photographs  
Allegan County, Michigan 

GEI Project #: 2000273 

Photograph 37: Subarea G Transect 117 left mid-channel - silt sand clay substrate 

Photograph 38: Subarea G Transect 95 left descending bank - silt sand clay substrate  
with submergent aquatic vegetation 



 
Kalamazoo River 
Area 4 Freshwater Mussel Reconnaissance  
Representative Photographs  
Allegan County, Michigan 

GEI Project #: 2000273 

Photograph 39: Relocation Area 1 upstream extent facing downstream 

Photograph 40: Relocation Area 1 upstream extent facing upstream 



 
Kalamazoo River 
Area 4 Freshwater Mussel Reconnaissance  
Representative Photographs  
Allegan County, Michigan 

GEI Project #: 2000273 

Photograph 41: Relocation Area 1 right descending bank near downstream extent—substrate poling 

Photograph 42: Relocation Area 1 right descending bank near downstream extent facing upstream 
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 1 PR8001 (12/07/2020) 

 

Michigan Department of Natural Resources – Fisheries Division 

SCIENTIFIC COLLECTOR’S PERMIT 
Issued under the authority of Public Act 451 of 1994, Part 487, as amended, section 324.48735. 

 

Under the provisions of Part 487, Act 451, P.A. 1994, as amended, being section 324.48735, permission is 
hereby granted to: 
 

Title 

 

First Name 

Ryan 

Last Name 

Holem 

Co-Permittee 

Stuart Kogge 

Co-Permittee 

Daniel Kowalski 

Co-Permittee 

 

Institution/Affiliation 

GEI Consultants of Michigan, P.C.  

Mailing Address 

3832 Baulistrol Dr, Okemos, Michigan, 48864 

 
To survey, handle, take, catch, kill and/or possess species from the waters and land within the jurisdiction of this 
state, as specified below in the special provisions section. This permit limits the take of the species authorized 
to the minimum number needed.  
 
Prior to field activities occurring on any stream, public lake or public lands under this permit, the permittee must 
notify the local fish biologist or Fisheries Division supervisor of the Management Unit where collections will 
occur.  This contact must be made at least 48 hours prior to commencing field work and during normal business 
hours Monday-Friday between 8 a.m. and 5 p.m.  If a set work schedule has been established for the field 
season, providing a copy to the unit may alleviate the need for additional contacts with a single unit.  It is also 
strongly recommended that the permittee notify the District Law Supervisor for the county where the permit is 
being used.  Failure to notify the law supervisor may result in the disruption of field work. Both contacts can be 
initiated by calling the appropriate operational service center (map and phone numbers provided separately). 
 
SPECIAL PROVISIONS: 

Project #1 – Boardman River mussel relocation, Gurnsey Lake Rd. (Grand Traverse Co): Site is 
southwest of Kalkaska, MI (GPS Lat 44.701374°, Long -85.344475°). A sediment trap on the 

Boardman River is being cleaned out at this site. Permittees are authorized to relocate freshwater 
mussels to an MDNR-approved relocation site. A semi-quantitative survey will be conducted in the 
proposed relocation area only. T/E mussels would be marked or tagged if follow-up monitoring is 

required. Methods will follow protocol specified in the document titled "Michigan Freshwater Mussel 
Survey Protocols and Relocation Procedures" (2019, v2). 
 

Project #2 - AuSable River mussel monitoring, M-33 bridge (Oscoda Co): Site is near Mio, MI 
(GPS Lat 44.659731, Long -84.129082). State-listed mussels were relocated at this site in advance of 
bridge repairs in 2020 and are to be monitored in 2021. Permittees are authorized for general survey 

purposes to collect, identify, enumerate and release freshwater mussels.  Monitoring methods will 
follow protocol specified in the document titled "Michigan Freshwater Mussel Survey Protocols and 
Relocation Procedures" (2019, v2).  

 
Project #3 Grand Mere Lake Outlet (aka Wall Drain) qualitative mussel survey (Berrien Co):  
Site is an outlet to Lake Michigan, just west of Stevensville, MI (Lat 42.016692°, Long -86.544543°). 

This outlet is being dredged for connectivity to Lake Michigan. Permittees are authorized to collect, 
identify, enumerate and release freshwater mussels as part of visual and qualitative survey efforts.  If 
live (native) mussels are found, they may be relocated to an MDNR-approved relocation site. T/E 

mussels would be marked or tagged if follow-up monitoring is required. Handling and processing of 
any mussels found will be consistent with guidelines specified in the document titled "Michigan 
Freshwater Mussel Survey Protocols and Relocation Procedures" (2019, v2). 

 



 

 2 PR8001 (12/07/2020) 

Project #4 – Little River mussel surveys, N-3 bridge (Menominee Co): Site is south of Wallace, 
MI (GPS Lat 45.271970°, Long -87.604405°). Bridge rehabilitation is being conducted at this road 

crossing and semi-quantitative mussel survey efforts are required in advance of bridge work. The 
permittees are authorized to collect, identify, enumerate and release freshwater mussels.  Relocation 
of mussels to an MDNR-approved relocation site is authorized pending results of semi-quantitative 

survey. T/E mussels would be marked or tagged if follow-up monitoring is required. Methods will 
follow protocol specified in the document titled "Michigan Freshwater Mussel Survey Protocols and 
Relocation Procedures" (2019, v2). 

 
Project #5 – Shakey River mussel relocation, CR-577 crossing (Menominee Co): Site is north of 
Banat, MI (GPS Lat 45.547211°, Long -87.705092°). The culvert at this road crossing is being 

replaced and mussel relocation efforts will take place prior to culvert replacement. Permittees are 
authorized to collect, identify, enumerate and release freshwater mussels. Mussels may be relocated 
to an MDNR-approved relocation site. A semi-quantitative survey will be conducted in the proposed 

relocation area only. T/E mussels would be marked or tagged if follow-up monitoring is required. 
Methods will follow protocol specified in the document titled "Michigan Freshwater Mussel Survey 
Protocols and Relocation Procedures" (2019, v2). 

 
Project #6 – Dunn Paper Menominee River mussel relocation (Menominee Co): Site is near 
mouth of Menominee River, MI (GPS Lat 45.095713°, Long -87.593835°). Rip-rap is being placed 

near the shoreline at this site to improve shoreline stability and provide erosion protection. Permittee 
are authorized to collect, identify, enumerate and release freshwater mussels.  Mussels may be 
relocated to an MDNR-approved relocation site. A semi-quantitative survey will be conducted in the 

proposed relocation area only. T/E mussels would be marked or tagged if follow-up monitoring is 
required. Methods will follow protocol specified in the document titled "Michigan Freshwater Mussel 
Survey Protocols and Relocation Procedures" (2019, v2). 

 
Project #7 – MDOT mussel relocations – Kalamazoo River and Grand River (Allegan and Eaton 
Counties): Kalamazoo River site is near Saugatuck, MI (GPS Lat 42.645900°, Long -86.187800°); 

Grand River site is southwest of Lansing, MI (GPS Lat 42.670100°, Long -84.645200°). Bridge 
rehabilitation and/or repair work is slated for both of these locations, requiring mussel relocation in 
advance of the bridge work. Permittees are authorized to collect, identify, enumerate and release 

freshwater mussels.  Mussels will be relocated to an MDNR-approved relocation site specific to each 
water course. A semi-quantitative survey will be conducted in the proposed relocation area only. T/E 
mussels would be marked or tagged if follow-up monitoring is required. Methods will follow protocol 

specified in the document titled "Michigan Freshwater Mussel Survey Protocols and Relocation 
Procedures" (2019, v2). GEI has not been awarded this project – award decision is expected June 
2021.  

 

Project #8 – NCR Kalamazoo River mussel salvage and qualitative mussel surveys (Allegan 
Co): Permittees are authorized to collect, identify, enumerate and release freshwater mussels.  This 
is a mussel salvage effort being conducted in advance of sediment dredging efforts to clean up 

contaminated sediments in the Kalamazoo River. Mussels will be salvaged from Area 4 (OU5), 
Subarea E of the Kalamazoo River and relocated upstream to a relocation area approved by MDNR 
in 2020. Subarea E mussel salvage areas and the upstream relocation area are documented in the 

work plan titled "Mussel Work Plan - OU5 Area 4 Time-Critical Removal Action - Allied Paper/Portage 
Creek/ Kalamazoo River Superfund Site", which was approved by USEPA on April 13, 2020, and in 
the report titled “210108_GEI_A4TCRA_2020 Mussel Salvage Report”. T/E mussels would be 

marked or tagged if follow-up monitoring is required. Qualitative (reconnaissance) and semi-
quantitative mussel surveys in Kalamazoo River Area 4 (OU5), Subareas C & D may also be 
conducted. Subarea C & D mussels will be returned to the location in which they were found, and 
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mussel survey methods will follow protocol specified in the document titled "Michigan Freshwater 
Mussel Survey Protocols and Relocation Procedures" (2019, v2).  Questions about the mussel survey 

protocols on the Kalamazoo River should be directed to DNR Fisheries Local Biologist, Matt Diana 
(dianam@michigan.gov).   

 
Project #9 – Quantitative or semi-quantitative mussel surveys – multiple locations Grand River 

(Kent Co):  Sites are in downtown Grand Rapids, MI. Riverside construction (e.g., 
boardwalk/pedestrian walkway installation) may take place at these locations, requiring site-specific 
knowledge of the mussel community in front of each site. Permittees are authorized to collect, 

identify, enumerate and release freshwater mussels. Quantitative or semi-quantitative mussel surveys 
will be conducted along the left downstream bank at three locations on the Grand River: 1) Ann Street 
crossing (GPS Lat 42.995435°, Long -85.671963°), 2) railroad bridge crossing south of Ann Street 

(GPS Lat 42.992307°, Long -85.672303°), and 3) Leonard Street crossing (GPS Lat 42.984665°, 
Long -85.671787°). Survey areas are approximately 225 feet long (upstream and downstream) by 50 
feet wide (from left descending bank). T/E mussels would be marked or tagged if follow-up monitoring 

is required. Mussels will be returned to the location in which they were found and mussel survey 
methods will follow protocol specified in the document titled "Michigan Freshwater Mussel Survey 
Protocols and Relocation Procedures" (2019, v2). 

 
Project #10 Ox Creek P51 Survey (Berrien Co): This is a repeat of the P51 procedures conducted 
previously on a 500 foot reach of Ox Creek for Marathon Petroleum and Pescador near Benton 

Harbor, MI (Lat 42.116806°, Long -86.448558°).  Permittees are authorized to collect, identify, 
enumerate and release fish. Fish, macroinvertebrate, and habitat assessments will be conducted 
using methods consistent with Michigan SWAS Procedure 51 (P51) protocol (2008). All organisms 

will be released following collection and identification.  
 
Project #11 Little Black Creek (aka Old Dutch Creek) P51 Survey (Muskegon Co): Site is near Muskegon, 
MI (adjacent to Lat N 43.2065°, W 86.18286°). Permittees are authorized to collect, identify enumerate and 
release fish.  Fish, macroinvertebrate, and habitat assessments will be conducted using methods consistent 
with Michigan SWAS Procedure 51 (P51) protocol (2008). All organisms will be released following collection 
and identification. 
 
Project #12 P51 Surveys – Elm Creek and AuGres River water courses (Iosco Co): Sites are near 
National City, MI. Approximate GPS coordinates for survey sites are as follows: 1) unnamed tributary to Elm 
Creek (GPS Lat 44.26188°, Long 83.76031°), 2) Elm Creek (GPS Lat 44.25033°, Long 83.7599°), 3) unnamed 
tributary to Elm Creek (GPS Lat 44.24356°, Long 83.7458°), 4) tributary to East Branch AuGres River (GPS 
Lat 44.26329°, Long 83.71696°), and 5) unnamed tributary to Elm Creek (GPS Lat 44.25166°, Long 
83.74259°). Permittees are authorized to collect, identify, enumerate and release fish. Fish, macroinvertebrate, 
and habitat assessments will be conducted using methods consistent with Michigan SWAS Procedure 51 
(P51) protocol (2008). All organisms will be released following collection and identification. 
 
Project #13: MDOT Swan Creek mussel salvage/relocation, I-75 overpass (Monroe County): Site is near 
Newport, MI (GPS 42.0068, -83.3128). I-75 overpass rehabilitation is being conducted over the Swan Creek at 
this location. Permittees are authorized to collect, identify, enumerate and release freshwater mussels as part 
of a mussel salvage/relocation effort conducted under the overpass in accordance with the associated MDOT 
work order. Mussels will be relocated to an MDNR-approved relocation site outside of the project area. T/E 
mussels would be marked or tagged if follow-up monitoring is required. Methods will follow protocol specified in 
the document titled “Michigan Freshwater Mussel Survey Protocols and Relocation Procedures” (2021, v3).  
 
Project #14: MDOT Grand River mussel relocation, I-196 overpass (Kent County): Site is near Grand Rapids, 
MI (GPS Lat 42.947554, Long 85.710629,). I-196 bridge/overpass rehabilitation is being conducted over the 
Grand River at this location.  Permittees are authorized to collect, identify, enumerate and release freshwater 
mussels as part of a mussel salvage/relocation effort in accordance with the associated MDOT work order. 
Mussels will be relocated upstream to a relocation area already approved by MDOT, MDNR, and USFWS. T/E 

mailto:dianam@michigan.gov
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b. A 20 min 100% vinegar bath can be substituted as a bleach alternative. 
 
3) If using a boat, live wells and bilges must be emptied and disinfected with a solution of 1 cup of bleach 

to 10 gallons of water prior to moving between waterbodies. 
 

a. A 20 min Virkon Aquatic bath can be substituted as a bleach alternative. 
b. A 20 min 100% vinegar bath can be substituted as a bleach alternative. 

 
For more information on VHS or invasive species, go to the Fisheries link on the Department of Natural 
Resources web site at: http://www.michigan.gov/dnr   
 
Permitted collection area:  
Project #1 Boardman River, Grand Traverse County, Lake Michigan Basin; 
Project #2 AuSable River, Oscoda County, Lake Huron Basin; 
Project #3 Grand Mere Lake Outlet, Berrien County, Lake Michigan Basin;.  
Project #4 Little River, Menominee County, Lake Michigan Basin; 
Project #5 Shakey River, Menominee County, Lake Michigan Basin; 
Project #6 Menominee River, Menominee County, Lake Michigan Basin;  
Project #7 Kalamazoo River Allegan County & Grand River Eaton County, Lake  

Michigan Basin; 
Project #8 Kalamazoo River, Allegan County, Lake Michigan Basin; 
Project #9 Grand River, Kent County, Lake Michigan Basin; 
Project #10 Ox Creek, Berrien County, Lake Michigan Basin; 
Project #11 Little Black Creek, Muskegon County, Lake Michigan Basin; 
Project #12 Elm Creek and AuGres River in Iosco County, Lake Huron Basin; 
Project #13 Swan Creek in Monroe County (I-75 overpass), Lake Erie Basin; 
Project #14 Grand River in Kent County (I-196 overpass), Lake Michigan Basin; 
Project #15 Roselawn Creek and Bond Falls impoundment and outflow near Paulding Michigan in Ontonagon 
County, Lake Superior Basin; 
Project #16 Flint River in the vicinity of the M57 bridge crossing in Genesee County, Lake Huron Basin; 
and 
Project #17 Kalamazoo River in the vicinity of the North Albion Street crossing in Calhoun County, 
Lake Michigan Basin.   
 
 
Permitted collection gear:  
Mussel Surveys – All mussel surveys and relocation efforts authorized above are to be conducted by hand with 
the aid of mesh bags to carry mussels when necessary. 
 
Fish Surveys – All fish surveys authorized above are to be conducted by electrofishing with hand/dip nets or 
other methods approved in writing by the local DNR fisheries office.  
 
Completion of an annual report is required with this permit.  It shall be provided to DNR, Fisheries Division 
using online Collector’s Report Form at www.michigan.gov/scientificcollectorspermit.  
 
GENERAL PROVISIONS: This permit must be in permittee's possession during collection in the field or the 
location where specimens are being held and must be made available upon request of any Department 
representative. Activities under this permit are limited to species not listed as threatened or endangered 
unless the permittee(s) is also in possession of the required Threatened and Endangered Species Permit 
from DNR Wildlife Division for state listed species as well as the proper permit(s) from the US Fish and 
Wildlife Service for federally listed species. This permit is not transferable. This permit does not provide any 
authorization to circumvent any federal, state, or local laws and ordinances, including, but not limited to 
restricted entrance to refuges or other areas closed to the public without written permission of the land 
administrator.  
 
In addition to this permit, separate DNR Public Land Use permits are required from:  

http://www.michigan.gov/dnr
http://www.michigan.gov/scientificcollectorspermit
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1) Parks and Recreation Division for activities in State Parks and Recreation Areas and at the state 

boat launches;  
2) Wildlife Division for activities in State Game Areas; and 
3) Forest Resources Division for activities in State Forests 

 
Public Land Use Permit applications can be obtained online at: 
https://www.michigan.gov/dnr/0,4570,7-350-79136_79262_80436_85611---,00.html 
 
Permittees are also advised to contact the US Forest Service and/or National Park Service about any 
permit requirements for activities occurring in Michigan’s National Forests and National Parks, 
respectively. 
 
All sampling gear that is deployed and left unattended in the field by persons permitted under this program 
must be clearly labeled with the name of the permittee’s affiliation (university, zoo, consulting firm, 
agency, etc.) on the sampling gear itself or on at least one of the buoys or floats used to mark deployed 
gear that is submerged.  Additionally, boats used to conduct permit activities must also be clearly marked 
on the sides of the vessel with the permittee’s affiliation. 
 
Any violation of the conditions of this permit may result in revocation of this permit and misdemeanor 
penalties of imprisonment for not more than 90 days or a fine of not more than $500 or all of the above. 
 

FOR DNR USE ONLY 
Permit Number  
FSCP05192021143524 

Issue Date 
05/21/2021 

Expiration Date 
12/31/2021 

cc: 
NLMMU, CLMMU, SLMMU, NLHMU, SLHMU, LEMU, Threatened & Endangered 

For, James L. Dexter, Chief, MDNR Fisheries Division 

  
 
 

https://gcc01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.michigan.gov%2Fdnr%2F0%2C4570%2C7-350-79136_79262_80436_85611---%2C00.html&data=02%7C01%7CBensonC1%40michigan.gov%7Ca32ab9991269431280c308d8096be4cc%7Cd5fb7087377742ad966a892ef47225d1%7C0%7C0%7C637269706281480370&sdata=JWDPqFzFBKktVBaBN0iXC61u4jGVfXvZhqqweV%2FRFQU%3D&reserved=0
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STATE OF MICHIGAN 

DEPARTMENT OF NATURAL RESOURCES 
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GRETCHEN WHITMER 
GOVERNOR 

 DANIEL EICHINGER 
DIRECTOR 

 
 May 6, 2021 
 
 
 
Ryan R. Holem 
GEI Consultants of Michigan. P.C.  
230 N. Washington Square, Suite 201  
Lansing, MI 48933 
 
Dear Ryan Holem, 
 
This letter is an official attachment to your Threatened and Endangered Species 
Permit (TE 029).  Your permit is issued in the Consultant category only. Your permit 
expires on March 31, 2022. Renewal information will be sent in December of 2021. 
 
Authorization: 
To conduct the scientific activities listed under special conditions on the 
threatened/endangered species listed below.  All activities are subject to the 
standard permit conditions within this letter. 
 
In addition to the standard requirements listed on the back of this permit:  

• This permit provides legal authorization to work with the listed threatened and 
endangered species, as well as the unintentional and incidental take of those 
species if done in accordance with this permit.  

• This permit does not allow for take or translocation of species to facilitate the 
completion of a project.   

• Additional permits may be required on specific projects that may affect 
threatened and endangered species. Such permits are negotiated by the 
Department of Natural Resources and issued to the client or landowner.  
Additional federal permits may be required for federally listed species.  

• Permitted are surveys for listed plant and animal species using standard 
methods and appropriate timing to ensure a high probability of detecting the 
presence of the species. Only survey methods that minimize disturbance and 
risk to the organism or its habitat are to be used.  Specific requirements for 
certain taxa are listed below. 

• Subpermittees: are those working under the direction of the permitee.  
 

Plants 
• Permitted is the survey of threatened plants for identification and 

documentation, for environmental impact analysis, and to provide new 
information on the distribution of listed plant species.  Endangered species 
are not authorized for collection.  Use photography or non-destructive 
collection techniques for documentation whenever feasible (and by limiting 



collections to leaves, flowers, or fruits).  Surveys must be done in a manner 
that will not cause harm to the population or its habitat. 

Mollusks 
• Permitted is the collection and temporary holding of mussels for 

identification.  Sampling must be done in a manner that minimizes the 
amount of time taken from the water and risk to the animals.  Animals 
handled must be returned to the same site where collected, or to a relocation 
area that has been approved by MDNR. 

 Insects 
• Handling of threatened and endangered insects is permitted when needed 

for identification and documentation.  Surveys must not significantly reduce 
the size of the local population and must be done in a manner that will not 
cause harm to the population or its habitat.  Use non-lethal survey and 
capture techniques such as carful capture and release or photography 
whenever possible.  

Fish 
• Listed fish species may be humanely captured for identification and released 

at the same site using standard non-lethal collection techniques.  Dead 
specimens may be salvaged.  

Birds 
• Capture or collection of listed birds is not permitted.  Use non-lethal 

techniques such as photography or recordings of songs when specific 
documentation is required. 

Reptiles and Amphibians 
• Threatened and endangered reptiles and amphibians may be humanely 

captured for identification and examination and released at the same site.  
Mammals 

• Rely on the use of sign or other observations to determine the presence of 
mammals to the extent possible.  Small mammals (e.g., bats, shrews, and 
voles) may be live trapped when needed to determine their presence but 
must be released on site unharmed.  Larger mammals may not be captured. 

 
Standard Permit Conditions 

A. All specimens authorized for collection under this Permit shall be deposited 
in the collection of an approved public educational or research institution 
prior to Permit expiration. 

B. None of the specimens collected shall become part of a private collection or 
private property. 

C. This permit does not allow or grant the right of trespass.  Projects shall not 
take place on any private or public lands without permission from the owner 
or administrator of such lands. 

D. This permit does not provide authorization to circumvent any federal, state, 
or local laws and ordinances. 

  



E. Additionally, federal permits may be required for activities affecting federally 
listed threatened or endangered species and/or migratory birds.  Contact the 
U. S. Fish and Wildlife Service at 2651 Coolidge Road, East Lansing, MI  
48823. 

F. The activities covered under this Permit are not transferable to another 
person unless specifically authorized. 

G. Unless otherwise noted, within 10 days of the expiration of this Permit, the 
holder is required to file a report detailing the locations of any threatened and 
endangered species encountered and the number and disposition of 
specimens handled.  Annual reports for multi-year permits are due at the end 
of each calendar year. 

H. A person conducting any activities authorized by this permit shall carry a 
copy of this permit and shall produce a copy of this permit upon request of a 
Department of Natural Resources employee or law enforcement officer. 

 
All permits require and annual report unless indicated otherwise. You can use the 
enclosed report form and submit forms via email to reitzc@michigan.gov. In 
addition, please report any new occurrences of threatened and endangered species 
as soon as possible instead of waiting until the end of the year. This will allow new 
data to be incorporated into the Michigan Natural Features Inventory database 
sooner, thus ensuring greater protection for these species and their habitats.  
 
Thank you for helping protect our threatened and endangered species. Feel free to 
contact me with any questions or concerns.   
 
      Sincerely, 

   
  Casey M. Reitz, Permit Specialist 
  DNR-Wildlife Division 
  Phone: 517-284-6210 
  Fax: 517-335-6604 
 reitzc@michigan.gov 
 www.michigan.gov/wildlifepermits 
 

 
 

mailto:reitzc@michigan.gov
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Michigan Department of Natural Resources 
APPL ICATION/PERMIT TO USE STATE LAND 

This information is required under authority of Part 5 of Act 451 of 1994, as amended, 
MCL 324.501- 511 and the Rules for/he Regulation of State Lands, R299.921-R299.932. 

APPLICANT: Please read all attachments before completing application. Submit completed application to local DNR office where
permit is being sought. Application must be submitted at least sixty (60) days prior to proposed use. Attach additional information as
needed to fully describe proposed use activity. Checks or money orders should be made payable to "State of Michigan."

• For Application/Permit to Use State Land for an Event, use DNR PR1138.
• Initial application fee of fifty dollars ($50.00) must be submitted with application.

Name of ApplicanVOrganization Na me of Contact Person
GEi Consultants of Michigan, P.C. Kelly Rice 

Address Address 
3065 Akers Mill Road, Suite 235 5225 Edgewater Drive

City, State, ZIP City, State, ZIP 
Atlanta, GA 30339 Allendale, Ml 49401 

Telephone IFAX 
( 616 ) 384-2714 ( ) N/A 

I Federal ID Number Telephone 
,J

FAX 
( 616 )844-833 ( ) N/A 

I e-mail address 
krice@geiconsultants.com

Proposed location on state land (name of trail or Department f acility or legal prop erty description, and attach map, subject to correction by Department):
Kalamazoo River corridor through OU5 Areas 3 and 4. Existing boat launches at Trowbridge Dam and near the former 
Otseqo Township Dam mav be utilized .  

Length of Use 01-2 Days 03-7 Days 
Date(s) of Proposed Use 
April - December 2020 

Will the use of state land requ ire or include: 
use of parking lot/campground/access site? 

08-31 Days □Seasonal/Per iodic li)Annual I No. of Participants/Users I No. of Recreational Units (Camping) 
up to 20 NIA 

li]No □Yes If Yes, explain: 

□Other: 
n 

structures or equipment be placed on state land? □No li!Yes If Yes, explain: small temp mussel processing stations along riverbanks 

sound amplification equipment be used? [i]No □Yes If Yes, explain:
food, beve rages or other items be sold? il]No □Yes If Yes, explain:
alcohol be served or consumed? li)No □Yes I f  Yes, explain:
use of utilities (water, electric, sewer) ? [i]No □Yes If Yes, explain:

Type of Use 0Geocache □Guiding Doil & Gas Development-Related Use 0Road Construction 
□Seismic Survey li]Watercraft □Other (specify)

Description of Proposed Type of Use (Attach additional information as needed to fully describe proposed use activity.) 
Mussel habitat reconnaissance surveys and salvage/relocation will be com�leted throughout OU5 Areas 
3 and 4 via boat and land access. See attached Mussel Work Plan, approved by EPA, for more details. 

APPLICANT: Read all pages and attachments before certification and signature. 

$ 

APPLICANT CERTIFICATION 

I cettity that the information submitted herein, including all attachments, is accurate and complete and that I have read and understand and agree 
to abide by the requirements contained on all attachments, including liability insurance and performance bonding requirements. I have enclosed 
the required Application Fee. I understand that, if I have submitted a Review Fee that is not the correct amount, an additional fee must be paid 
prior to review of my application. I also understand that all remaining fees for the use of the State Land must be received by the Depattment within
14 days of notification of approval to the applicant or permissions mav be considered void. 

Kelly Rice ¥J;AI� April 15, 2020 

$ 
Receipt No. Use fee Recaipt No. Timber Consideration Fee RecaiptNo. 

$ $ 
Insurance Aggregate Amount 

s / 0 oo . c,<)ct:> 

Date Penni! l""ed 

t./·-zo--zo·z 0
Date Permit Expires 

Z.-'3 � .. 

Oo(\)f\-UO 2 .PoPPc (2bC-i) bl�r.i--2.4 30 Dcj_flQQJ.€2 t111'c:L-.i'c,c,"\ ·Cu,:}1/ 
Department Representative (please prtnl) Telephone'(with area code) E-roo.il Aditefs v 0 

. � A .,/J · .-o 2.1, cio · · v-J- '? J.L ii/} 
· 

(V J�.f'.'ZL [ r c,,,-t,._, _7�•""2.�£! __ /._'/�Q __ @�' _.e_�-�2-'?1...,.._c-.,_".\,-• h_� __ q._.'l ....... · o_l_O __ _
Signature Address -""J 
0 ADDITIONAL REQUIREMENTS: As contained in the attached Exhibit(s). 

DISTRIBUTION: ORIGINAL - Land Administering Oivision(LAD). Lansing 
COPY -ApploanWernittoe, LAO Mg\ Unit. LAO Olslricl Page1of3 

PR1138-1 (Rev. 01/3112007) 
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Area 4 Mussel Salvage Report (2020/2021) 

OU5 Area 4 Time-Critical Removal Action Allied 

Paper/Portage Creek/ 

Kalamazoo River Superfund Site 

January 21, 2022 
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Appendix C – Representative Photos 
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Area 4, Subareas E, F, and G 
Freshwater Mussel Relocation 
Kalamazoo River, 
Allegan County, Michigan 

 
 
 
GEI Project #: 2000273 

Photo 1. Actinonaias ligamentina (Mucket) - right valve  
 

Photo 2. Actinonaias ligamentina (Mucket) - left valve  
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Area 4, Subareas E, F, and G 
Freshwater Mussel Relocation 
Kalamazoo River, 
Allegan County, Michigan 

 
 
 
GEI Project #: 2000273 

Photo 3. Actinonaias ligamentina (Mucket) - dorsal view  
 

Photo 4. Actinonaias ligamentina (Mucket) - ventral view 
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Area 4, Subareas E, F, and G 
Freshwater Mussel Relocation 
Kalamazoo River, 
Allegan County, Michigan 

 
 
 
GEI Project #: 2000273 

Photo 5. Actinonaias ligamentina (Mucket) - posterior view  
 

Photo 6. Actinonaias ligamentina (Mucket) - anterior view  
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Area 4, Subareas E, F, and G 
Freshwater Mussel Relocation 
Kalamazoo River, 
Allegan County, Michigan 

 
 
 
GEI Project #: 2000273 

Photo 7. Actinonaias ligamentina (Mucket) - right valve  
 

Photo 8. Actinonaias ligamentina (Mucket) - left valve  
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Area 4, Subareas E, F, and G 
Freshwater Mussel Relocation 
Kalamazoo River, 
Allegan County, Michigan 

 
 
 
GEI Project #: 2000273 

Photo 9. Actinonaias ligamentina (Mucket) - dorsal view  
 

Photo 10. Actinonaias ligamentina (Mucket) - ventral view 
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Area 4, Subareas E, F, and G 
Freshwater Mussel Relocation 
Kalamazoo River, 
Allegan County, Michigan 

 
 
 
GEI Project #: 2000273 

Photo 11. Actinonaias ligamentina (Mucket) - posterior view  
 

Photo 12. Actinonaias ligamentina (Mucket) - anterior view  
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Area 4, Subareas E, F, and G 
Freshwater Mussel Relocation 
Kalamazoo River, 
Allegan County, Michigan 
 

 
 
 
GEI Project #: 2000273 

Photo 13. Alasmidonta marginata (Elktoe) - right valve  
 

Photo 14. Alasmidonta marginata (Elktoe) - left valve  
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Area 4, Subareas E, F, and G 
Freshwater Mussel Relocation 
Kalamazoo River, 
Allegan County, Michigan 
 

 
 
 
GEI Project #: 2000273 

Photo 15. Alasmidonta marginata (Elktoe) - dorsal view  
 

Photo 16. Alasmidonta marginata (Elktoe) - ventral view 
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Area 4, Subareas E, F, and G 
Freshwater Mussel Relocation 
Kalamazoo River, 
Allegan County, Michigan 

 
 
 
GEI Project #: 2000273 

Photo 17. Alasmidonta marginata (Elktoe) - posterior view  
 

Photo 18. Alasmidonta marginata (Elktoe) - anterior view  
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Area 4, Subareas E, F, and G 
Freshwater Mussel Relocation 
Kalamazoo River, 
Allegan County, Michigan 
 

 
 
 
GEI Project #: 2000273 

Photo 19. Alasmidonta marginata (Elktoe) - right valve  
 

Photo 20. Alasmidonta marginata (Elktoe) - left valve  
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Area 4, Subareas E, F, and G 
Freshwater Mussel Relocation 
Kalamazoo River, 
Allegan County, Michigan 
 

 
 
 
GEI Project #: 2000273 

Photo 21. Alasmidonta marginata (Elktoe) - dorsal view  
 

Photo 22. Alasmidonta marginata (Elktoe) - ventral view 
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Area 4, Subareas E, F, and G 
Freshwater Mussel Relocation 
Kalamazoo River, 
Allegan County, Michigan 

 
 
 
GEI Project #: 2000273 

Photo 23. Alasmidonta marginata (Elktoe) - posterior view  
 

Photo 24. Alasmidonta marginata (Elktoe) - anterior view  
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Area 4, Subareas E, F, and G 
Freshwater Mussel Relocation 
Kalamazoo River, 
Allegan County, Michigan 
 

 
 
 
GEI Project #: 2000273 

Photo 25. Fusconaia flava (Wabash pigtoe) - right valve  
 

Photo 26. Fusconaia flava (Wabash pigtoe) - left valve  
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Area 4, Subareas E, F, and G 
Freshwater Mussel Relocation 
Kalamazoo River, 
Allegan County, Michigan 

 
 
 
GEI Project #: 2000273 

Photo 27. Fusconaia flava (Wabash pigtoe) - dorsal view  
 

Photo 28. Fusconaia flava (Wabash pigtoe) - ventral view 
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Area 4, Subareas E, F, and G 
Freshwater Mussel Relocation 
Kalamazoo River, 
Allegan County, Michigan 

 
 
 
GEI Project #: 2000273 

Photo 29. Fusconaia flava (Wabash pigtoe) - posterior view  
 

Photo 30. Fusconaia flava (Wabash pigtoe) - anterior view  
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Area 4, Subareas E, F, and G 
Freshwater Mussel Relocation 
Kalamazoo River, 
Allegan County, Michigan 
 

 
 
 
GEI Project #: 2000273 

Photo 31. Fusconaia flava (Wabash pigtoe) - right valve  
 

Photo 32. Fusconaia flava (Wabash pigtoe) - left valve  
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Area 4, Subareas E, F, and G 
Freshwater Mussel Relocation 
Kalamazoo River, 
Allegan County, Michigan 

 
 
 
GEI Project #: 2000273 

Photo 33. Fusconaia flava (Wabash pigtoe) - dorsal view  
 

Photo 34. Fusconaia flava (Wabash pigtoe) - ventral view 
  



Geotechnical 

Environmental 

Water Resources 

Engineering 

 

 

Area 4, Subareas E, F, and G 
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Photo 35. Fusconaia flava (Wabash pigtoe) - posterior view  
 

Photo 36. Fusconaia flava (Wabash pigtoe) - anterior view  
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Photo 37. Lampsilis siliquoidea (Fatmucket) - right valve  
 

Photo 38. Lampsilis siliquoidea (Fatmucket) - left valve  
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Photo 39. Lampsilis siliquoidea (Fatmucket)  - dorsal view 
  

Photo 40. Lampsilis siliquoidea (Fatmucket) - ventral view 
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Photo 41. Lampsilis siliquoidea (Fatmucket) - posterior view 
  

Photo 42. Lampsilis siliquoidea (Fatmucket) - anterior view 
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Photo 43. Lasmigona complanata (White heelsplitter) - right valve 
  

Photo 44. Lasmigona complanata (White heelsplitter) - left valve 
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Photo 45. Lasmigona complanata (White heelsplitter) - dorsal view  
 

Photo 46. Lasmigona complanata (White heelsplitter) - ventral view  
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Photo 47. Lasmigona complanata (White heelsplitter) - posterior view  
 

Photo 48. Lasmigona complanata (White heelsplitter) - anterior view  
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Photo 49. Lasmigona complanata (White heelsplitter) - right valve 
  

Photo 50. Lasmigona complanata (White heelsplitter) - left valve 
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Photo 51. Lasmigona complanata (White heelsplitter) - dorsal view  
 

Photo 52. Lasmigona complanata (White heelsplitter) - ventral view  
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Photo 53. Lasmigona complanata (White heelsplitter) - posterior view  
 

Photo 54. Lasmigona complanata (White heelsplitter) - anterior view  
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Photo 55. Lasmigona complanata (White heelsplitter) - right valve 
  

Photo 56. Lasmigona complanata (White heelsplitter) - left valve 
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Photo 57. Lasmigona complanata (White heelsplitter) - dorsal view  
 

Photo 58. Lasmigona complanata (White heelsplitter) - ventral view  
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Photo 59. Lasmigona complanata (White heelsplitter) - posterior view  
 

Photo 60. Lasmigona complanata (White heelsplitter) - anterior view  
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Photo 61. Pyganodon grandis (Giant floater) - right valve 
 

Photo 62. Pyganodon grandis (Giant floater) - left valve 
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Photo 63. Pyganodon grandis (Giant floater) - dorsal view  
 

Photo 64. Pyganodon grandis (Giant floater) - ventral view 
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Photo 65. Pyganodon grandis (Giant floater) - posterior view  
 

Photo 66. Pyganodon grandis (Giant floater) - anterior view  
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Photo 67. Strophitus undulatus (Strange floater) - right valve  
 

Photo 68. Strophitus undulatus (Strange floater) - left valve 
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Photo 69. Strophitus undulatus (Strange floater) - dorsal view  
 

Photo 70. Strophitus undulatus (Strange floater) - ventral view  
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Photo 71. Strophitus undulatus (Strange floater) - posterior view  
 

Photo 72. Strophitus undulatus (Strange floater) - anterior view  
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Photo 73. Strophitus undulatus (Strange floater) - right valve  
 

Photo 74. Strophitus undulatus (Strange floater) - left valve 
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Photo 75. Strophitus undulatus (Strange floater) - dorsal view  
 

Photo 76. Strophitus undulatus (Strange floater) - ventral view  
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Photo 77. Strophitus undulatus (Strange floater) - posterior view  
 

Photo 78. Strophitus undulatus (Strange floater) - anterior view  
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Photo 79. Utterbackia imbecillis (Paper pondshell) - right valve  
 

Photo 80. Utterbackia imbecillis (Paper pondshell) - left valve 
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Photo 81. Utterbackia imbecillis (Paper pondshell) - dorsal view  
 

Photo 82. Utterbackia imbecillis (Paper pondshell) - ventral view  
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Photo 83. Utterbackia imbecillis (Paper pondshell) - posterior view  
 

Photo 84. Utterbackia imbecillis (Paper pondshell) - anterior view  
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Photo 85. Representative site photo in Subarea E 

Photo 86. Divers surveying in Subarea E 
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Photo 87. Representative site photo in Subarea E 

Photo 88. Divers surveying in Subarea E 
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Photo 89. Divers surveying in Subarea E 

Photo 90. Boat operator and biologist spotting divers surveying in cell (yellow buoys) 
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Photo 91. Divers surveying in Subarea F 

Photo 92. Large patch of Typha spp. (cattails) in Subarea F 
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Photo 93. Divers surveying in heavy submerged aquatic vegetation in Subarea F 

Photo 94. Representative substrate in Subarea F 
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Photo 95. Divers surveying in Subarea G 

Photo 96. Divers relocating mussels at upstream relocation area 
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Photo 97. Representative photograph of mobile sand found throughout Subarea 4 

Photo 98. Representative photograph of unconsolidated silt found throughout Area 4 
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Photo 99. Representative photograph of porous hardpan found in lower Subarea E 

Photo 100. Representative photograph of hardpan found throughout Area 4 
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Photo 101. Large woody debris in Subarea E -  
deemed unsafe due to potential for diver entanglement  

Photo 102. Large woody debris in Subarea E -  
deemed unsafe due to potential for diver entanglement  
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Photo 103. Previously submerged area within suitable mussel habitat polygon 

Photo 104. Biologists surveying adjacent previously submerged area  
within suitable mussel habitat polygon 


